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<S7) Abstfcraci 



The invention relates to a hybrid article which consists of a combination of a composite material and a sheet- The hybrid article is 
intended for combining technical physical benefits of the composite materials and of the profiled sheet elements by establishing an intimate 
contact between the composite material and the sheet element. The composite material is based on cement and die sheet element is based on 
metal but can also be based on ceramics or plastic- The composite material contains preferably particles in the form of rocks or metals for 
increasing the hardness of the composite material and contains preferably also elements in the form of bars, threads, networks or fibres for 
establishing a reinforcement of the composite material, The sheet element is provided with a profiling, preferably having a trapezoidal cross 
section, for establishing an increase of the rigidity of the sheet element and for establishing an improved contact between the composite 
material and the sheet element. 
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WO 57/33©54 PCTF/I>K»7/00©97 

KlTBIfcTO PLATE AI^I> ^fHTHOO FOE PRODUCfNG SUCH f-FVBK.ro PLATE 
Hssistk^irosisadi of tfee isBveiatitois c§eseFiptI©sa of tine dig°swi:isg|&« 

The invention relates to hybrid articles e o mpo sed of paxticie-based composite sxz ate ri- 
als in intimate contact with profiled streets preferably placed external to the bodies 
formed of trie composite materials* as well as objects constructed from such Hybrid 
articles. 

'Trie composite materials can be cement-based - having a certain similarity to concrete 
- and trie profiled sheets can be of" metal, e,g- steel. According to the well known art 
articles - typically slabs - have been composed of conventional concrete in contact 
with profiled steel sheets - thus, articles having an apparent resemblance with, the hy- 
brid articles of the present invention. 

The hybrid articles according to the present invention are distinguished from the above 
articles by a completely different and superior intimate co-operation between the com- 
posite materials and the profiled sheets. 

This resists - as illustrated i.a. in example 1 of this description - in hybrid slabs which 
are stronger than, corresponding conventional ones and which in addition are ex- 
tremely tough as well as capable of absorbing very high concentrated loadings. This is 
a behaviour which is surprising to the man skilled in the art because metal 
sheet/concret ©/hybrid articles conventionally are notorious crack-sens ible/rraglie and 
unsuitable for the absorption of more concentrated loadings. 

This new - and to the man skilled in art exceedingly surprising behaviour - is obtained 
with a unique combination of individual per se external properties imparted to the 
composite materials, viz,: 

a) Compressive strength of 2.- 1 0 times higher than usual concrete - typically from SO 
to 300 J*fPa compared to conventionally 20-5G KfPa. 

b) Rigidity /modulus of elasticity of 1 .5 - 3 times higher than for usual concrete, and 

c) Toughness/energy of rupture of 5 - more than 2.00 times higher than that for usual 
concrete, and with regard to the sheets, 

d) Use of profiled sheets - typically made of a strong material like steel. 
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In the following the mechani ca! action of the hybrid articles will be considered, and in 
this connection comparisons wl.1 be made with prior art articles having profiled steel 
sheets in contact with conventional concrete, resembling the articles according to the 
invention. 



Concrete has low tensile strength. In oriier to utilise concrete in bearing constructions, 
e-g, in slabs and beams, the concrete is tensile reinforced - conventionally with steel 
bars well embedded in the concrete. Usually trie bars are round with, profiled suriaces. 
Xhey are placed well into the concrete - typically at least 1 -1.5 times their diameter 
as from the surface of the concrete - and sufficiently spaced from each others so that 
each reinforcement steel is maintained independent in a closed body of concrete. 

Considering bending affected articles - beams, slabs, etc., localisation of the steel rein* 
forcement in form of thin sheets on the external surface of the articles instead of bar 
reinforcement placed farther into the concrete would be preferable as seen from a pure 
force balance point of view - disregarding any shear co-operation between the rein- 
forcement and the concrete, With e.g. a 20-30% longer moment arm the carrying ca- 
pacity in pure bending would be 20-30% higher. 

In order to function effectively the reinforcement should, however, be placed in the 
concrete in such a manner that shear forces of reasonable magnitude can be transmit- 
ted between the concrete and the reinforcement. This is why reinforced concrete hav- 
ing profiled bars embedded deeply into the concrete well spaced apart from each oth- 
ers has the form it has and that articles having external sheets rarely are used, neither 
when the sheets are profiled. 

Before considering the shear capacity itself, a short account is made for the effect of 
shear capacity or lack of the same - for the behaviour of reinforced concrete - exem- 
plified by the behaviour of reinforced beams/slabs loaded by two single forces, vide 
Fig. 1 showing the arrangement, 2 and 3 showing sections of the slab/beam - viz:, the 
middle section and the outer section, respectively, - the forces acting on the respective 
bodies being indicated with arrows. 



The central section is only affected by moment - transmission of forces (compression 
In trie upper side of trie concrete and traction in the longitudinal reinforcement) does 
not itself require shear-cormectioB between the reinforcement and trie concrete. Fail- 
ore/insnfficient shear capacity has, however, important secondary effects, i.a. concern- 
ing control of crevices, vide Fig. 2. 

Pig. 2 shows a segment of conventionally reinforced concrete slabs subjected to pure 
mannsnt action and having good shear resistance between the reinforcement and the 
concrete in 1 ? "but with poor shear resistance in 2 with good sound reinforcement 3 in 
the form of profiled rods a desired behaviour with formation of many very fine crev- 
ices is secured. With reinforcement in the form of profiled sheets 4- the shear resistance 
in constructions according to trie prior art is poor resulting in development of a few 
very brosd and deep crevices. 

Beyond the moment action trie outer sections are also subjected, to shear actions . Thus, 
forces are to "be transmitted from the compression zone to the reinf orcernent , the ten- 
sion of which is reduced thereby, "Withsout capability to transmit shear forces shear 
failure will occur Bringing about collapse (with loadings higher than what the non- 
reinforced concrete pins the thin sheet can carry alone without composite oo-action 
which usually only is a small fraction of what they can carry when fnctioning as com- 
posite article). 

Fig. 3 shows a part of a slab or beam reinforced at the bottom which hreaics due to 
shear failure between the concrete and the reinforcement 

Fig., 3 ->Hows the behaviour of the outer section in three stages: 1 , 2 and 3, The slab, 
which is supported at the edge 4„ is stressed by the force 5- In stages I a tension fissure 
6 is jost formed in the concrete. This opens more and more becaiise the force trans- 
mission zone C increases to the maximum size - stage 2. The zone moves out towards 
the support resulting finally in failure as illustrated in 3. 
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It is known/acknowledged that good shear resistance between concrete and steel rein- 
forcement requires: 

1 ) good embedment of the steel reinforcement well spaced from the surface and from 
each, others so that the concrete mechanical squeezes about the reinforcement during 
shear, 

2) preferably cylindrical reinforcement rods, which La. are optimum with regard to the 
above squeeze effect, and 

3) preferably reinforcement rods provided with crests arranged with short rnunxal dis- 
tances perpendicular to the longitudinal direction, cf. conventional earn steel and ten- 
tor steel. 

It is - in accordance with what is said above - clearly recognised that the same degree 
of co-operation cannot naturally be obtained with sheets as with cylindrical shaped 
reinforcement rods, in particular not with sheets placed on the outer surface of the 
concrete articles, 

Within the prior art it is known to use profiled thin sheet/concrete composite articles 
wherein improvements have been obtained as compared to corresponding plane sheet 
composites. For example it is known to use such profile sheet/concrete composites as 
cover elements and for a more or less degree to allow for the utilisation of the rein- 
forcement effect of the sheets in the same manner as with steel reinforcement in ferro- 
concrete . 

However, it is also clearly recognised that one cannot reach at all correspondingly 
effective co-operation between sheets and concrete as between reinforcement rods and 
concrete in conventional ferro-concrete. Reasonably effective utilisation of profile 
sheets as reinforcement is limited to constructions subjected to moderate loadings and 
substantially pure bending affected, constructions subjected to utmost modest shear 
stresses, 
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Thus, the Oritlsh Standard "Stru,cturai use of Steelwork in b-oiidUmg BS 5950 Port -4; 

describes in the pairs gra.pt! concerning rales for use of ^profiled steel sheets** 
acting as composite stmctiires together witJh concrete: 

4,5. Requirements for c&mpasite action. 

4.5.1. Oenerai. For composite action tine profiled steel sheet should be capable or 
transmitting horizontal shear at the interface "between the sheet and the concrete, Xois 
may be achieved by one or more of" the methods given in 4.5.3 to 4-.5.T. 

■4.5.2 Plain open profiled sheets. Plain open profiled sheets^ as illtastrated in JFig. 2 <a) 
and (bX are not permitted where composite action is required., unless accompanied "by 
some means or shear connection* 

Pig. 2(a) refers to slabs having trapezoidal form (much resembling toe form of toe 
sheet in example 1 of this specification). Tlie profile shown in Fig. 2£b) is as in <a) 3 but 
trie sheet parts therein between the trapeziums are not plane but given a further "mini*'' 
trapezoidal profile. 

"With reference to the hybrid slabs according to the present invention shown in exam- 
pie 1 (having high apparent similarity with the above hybrid slabs (a)> this means that 
with such embodiment one should expect very poor behaviour 3 in particular under 
concentrated loadings with high, shear stresses, This also means that according to the 
above requirement 4.5-2 of BS 5950 it is not allowed to -use eonstractions "where 
composite action is reqnired* 3 . 

Therefore, it is to be considered very surprising for the man sSdlled in the art that the 
slab in example 1 showed high carrying capacity, including high shear resistance and 
very high toughness under extremely high loadings, including concentrated shear 
stresses. 

Before explaining the invention it is. however, necessary for the understanding to 
consider the mechanisms involved in material failure in particle- based materials. 
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]Ruptsj*r<£ - fklBtii-e aie^r ieterfsees, 

Rupture in. materials like concrete near surfaces of strong materials like steel occur in 
trie form of tension separation and separation by shear. 

Usually trie resistance against separation rapture between metal sheets and concrete 
under tension is small, in particular if it happens by careening after crack initiation. 
Trie resistance is essentially higher in pure shear, This is trie main cause for trie em- 
bodiment of the present invention in Hie form of profiled sheets as opposed, to plane 
sheets. Hereby uncie sired careening failure is strongly counteracted so that contact 
failure through shear becomes the more dominant rupture form. In this respect the 
invention does not differ from the prior art constructions, e.g. the trapezoidal profile 
sheets of steel and conventional concrete . 

On the above background it is therefore most irnportant to consider what happens at 
failure caused by shear and, in the light hereof, later to consider the means provided 
with the present invention as compared to the prior art just for improvement of the 
resistance against shear failure and what is obtained by this. 

Shear failure between particle based composite materials and "reinforcement" rods or 
profiled sheets is very complex. On a macro scale the failure can occur mainly near 
the metal surface (Fig- 4.1) or mainly in the composite material (Fig. 

The concrete in the surface 3 is displaced in the direction of the arrow in relation to the 
profiled sheet A, In 2 the lowest part of the concrete 5 is maintained in position in re- 
lation to the profiled sheet, since failure has occurred in the concrete article as illus- 
trated with the rupture surface €L 

Local issferfaee failure* 

Failure near the interfaces can occur by atomic separation between the atoms in the 
metal surface and the atoms of the composite material, but will in conventional sys- 
tems also - and very likely predominantly - occur due to failure in the composite ma- 
terial near the interface and not in the interface itself. 
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Let us consider the structure of conventional concrete adjacent a. surface, e.g, a surface 
of a steel piste, cf. Fig. 5. The interfaces referring to concrete 1, mortar 2 and! cement 
paste 3 are here shown; 4 is the metal plate, 1 is concrete with, stones 5 and mortar 2 
which in torn is composed of sand particles 6 aod cement paste 3~ Xbe cement paste Is 
composed of partly hydrated cement particles 7 forming porous hydration products -8. 

Adjacent tile surface the particles are less dense packed than farther away form trie 
surface which in turn is reflected in border zones having properties deviating from tine 
properties far into the material at good distance from the surface. This is illustrated 
with the curves wherein the abscissa indicates trie distance from trie surface of tine 
plate and the ordinate (y) indicates the property < e -g- strength, hardness or density'). 

Thus, quite proximate to the steel surface there is a border zone (GZc) about IO ftm 
thick of cement paste wherein the material is made up of a particle structure having a 
lower concentration of cement particles than within the material. Xhis zone is more 
porous and far weaker than the cement paste within the material. 

in the exemplified concrete there is correspondingly an about 1 mrn thick porous zone 
of mortar (GZ^m) having substantially higher content of cement paste and correspond- 
ingly lower content of sand particles. With strong, rigid sand particles the border zone 
having a low content of particles will be weaker than the mortar within the material 
farther away from the surface. Correspondingly there is an about IO mm thick mortar 
rich zone having a low concentration of stones. This means in turn that said zone is 
weaker than the material farther away from the surface if the stones are stronger than 
the mortar, 

The shear resistance can be improved in different ways by different strategies: 

1) by improving the structure of the concrete, including in particular the structures of 
the border layers so that the strength imparting properties are improved, 

2) by adapting/shaping the contours of the metal surfaces proximate the border zones 
so that the effect of weak border zones is reduced, 



WO 97/330S4 F-CX/MC^TVDOO^T 

8 

In conventions] ferro-concrete strategy 3 is used in connection witii steel reinforce- 
ment which is provided with about 1 mm crests. Tliis secures that shear rupture along 
the reinforcement does not occur exclusively in the 1 O p.m thin weak border layer be- 
tween the cement paste and the steel surface but si so is forced to take place exten- 
sively out in the mortar/concrete. 

W r ith profiled sheets on which no particular anchoring means have been provided there 
are far smoother surface than with reinforcement rods and correspondingly greater 
problems with the fine/weak border zones. 

By the approaches according to the present invention the composite materials are im- 
proved very pronounced so that it is possible to utilise conventional profiled steel 
sheets, which normally would be described as being smooth, in hybrid constructions 
together with and in intimate contact with "concrete", showing an extremely high car- 
rying capacity, high toughness and capability to absorb extremely high shear stresses. 

With reference to the complex of problems described above and by way of example 
composite materials with binding agents based on cement, partly conventional con- 
crete, partS y often preferred composite materials in articles according to the present 
invention (vide Fig, 6) are considered. The Figure shows an arrangement of binding 
agents proximate a boundary 1 , partly conventional cement paste (Fig. 6b), partly 
binding agents as shown in Fig- 6a, typically used by the invention, with cement par- 
ticles 2 packed essentially denser than conventionally and with additional 10-25% 
ultra fine Si0 3 particles deposited in the interspaces between the cement particles. 

Hereby is obtained; 

1) A, general material improvement, e.g. typically a 5-fold increase of the strength. 

2) A. particular improvement of the originally porous, weak about 10 u,rn thick border 
zone; in the example a 25-fold increase of the strength- This typically brihgt about in 
practise: 
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3) good as 100% elimination of the conventions! weak border zones apart from 

perhaps an 'a It ratine zone of a thickness es s m i crosi lie a particle (ari order of 1 OO nm — 
O.l ^.rn> , 

Ti^is is reflected in a requirement to the tensile strength of the cement-based composite 
materials to fee at least SO IvCPa, prefer ably at least I OO 3MZPa. ? more preferably al least 
1 SO MPa, yet more preferred at least 200 MPa, most preferred at least 25 O MPa, and 
also in trie requirements to trie composition, of such cement-based binding agents. 

Articles characterised by the binding agents of the composite materials are based on 
cement like Portland cement and/or Al umin ate cement and preferably also ultraflne 
particles as microsilicate in parts Iby volume of I -40%, preferably 5-25% characterised 
by a high total content of fine particles (e.g. cement -t- microsiiica) of at least 50%, 
preferably at least 55%, more preferably at least 60%, yet more preferred of at least 
65%, most preferred of at least 70% by volume of the total volume of the binding 
agent:. 

These measures lead/ contribute to the fact that by the performance of the invention in 
practise conventional "smooth" sheets can be used obtaining the benefits of micro 
roughness with deviations from the plane of from 1 0 urn to 5 or 1 um.. Such roughness 
is completely insufficient to prevent rupture through the weak (about 10 pm thick:) 
border zones between the sheets and conventional cement paste/concrete. 

As it appears from the introduction of this description this approach is only part of the 
total structure package/property package which is characteristic for the composite 
materials of the present invention. In the following the problems concerning tough- 
ness/fragility will be considered. 

. Slte^s- ^-iap&i2!~e < generally). 
Fig, 1 illustrates the behaviour of objects - block: 1 and substratum 2 - hold together by 
a glue joint under shear until the joint fails. Glue joints are composed of materials 
having a substantially linear elastic behaviour up to a maximum of stress, a behaviour 
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which, is typical for concrete and many composite materials used in connection with 
the present invention, The figure shows the relationship between the shear stress and 
the displacement. 

If two infinitely rigid bodies 1 and 2 hold together by a glue joint, which e.g. may be 
stretched 1 mm before total failure, are moved relative to each other the maximorn 
tension (To) is effective all over the contact surface in the state of rupture. If on the 
other hand a resilient rubber carpet/conveyor belt glued to the same substrate with the 
same joint material as above is pulled 5 m the force will only be transmitted to a small 
active zone of may be only 1 0-20 mm in extension (depending on the thickness and 
rigidity 9 of the rubber belt) . By further movement the contact zone fails at the edge 
where the force acts. The fissure propagates in that the small active contact zone is 
displaced inwardly. 

The force being transmitted does not correspond to the total area but only to a small 
fraction corresponding to the extent/area of the size of the active zone, If the active 
zone is e.g. 20 mm and the "sheet" is 5 m, then the maximum shear force is only about 
A O/OO of the corresponding force on condition that the 5 m large sheet was infinitely 
rigid. 

Recognition of this mechanism at contact ruptore/yiel cling is very important for the 
understanding of the mode of action and the weakness of profile sheets/concrete com- 
posite articles according to the prior art and for understanding the means/measures 
which are made according to the present patent, which provide great, pronounced and 
for the man skilled in the art very surprising improvements as compared to the prior 
art. 

It is in particular measures for securing against the above fragile behaviour in connec- 
tion with strongly localised force transmission which are essential in connection with 
composition of the composite materials for the articles according to the present inven- 
tion. 
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Fig. S shows the tensile behaviour of typical, conventional concrete 1, strong concrete 
2, ajnd 3 the same strong material as 2 imparted rupture-toughness with fibres. The 
relationship between tensile stress and deformation of" tlie cmckzonte (¥t2Ly is shown. 
The areas below toe corves, which represent tlie work: for forming a crack of unit area, 
are designated. Ibe respective energies of" rupture G (unit KT/m or T^/mrn). 
The both -very strong and -very toi-jgn material represents a typical composite material 
according to the present invention. 

What is clone - beyond imparting the materials strength anci rigidity - is also to impart 
them very nigh, rupture-tougbiness/crack-tougliness so that the forces can be active 
simultaneously over large contact areas. The concept is illustrated in Fig. S. 

Wnile conventional concrete of moderate tensile strength (e.g. 3 ISf/roxn 2 ) has moderate 
crack zone deformations (30-50 |imX conventional very strong concrete <havisig ten- 
sile strength of" e.g.. 10 r^/mm 2 ) lias substantially less crack zone deformations - typi- 
cally about lO um- This manifests itself in an essentially higher fragility, l^umericaily 
"this is also reflected in trial the energy of rupture O {trie areas below the curves) is not 
increased correspondingly as the strength, but roughly estimated remains unchanged. 
Trie energy of rupture for conventional concrete is of the order lOO iNl/m . 

Tlie composite materials used in connection with the present invention are imparted 
very high mptore-tougimess which is expressed In terms of that they are imparted high 
energy of rupture of at least 5 GO >J/m, preferably of at least 1 OOO r4/m ? more preferably 
of at least 2500 r*J/m, yet more preferred of at least 5 OOO I s * /nx, still yet more preferred 
of at least 10,000 Kt/m y most preferred of at least 2€>,OOG M/m. 

- Thus, there is an increase of the rupture-toughness expressed in terms of energy of 
rupture corresponding to from above 5 to above 200 times higher energy of .rupture 
than for conventional concrete, including conventional very strong concretes. 

The fact that the energies of rupture are increased very pronounced means also that the 
capability of the materials to undergo large crack zone deformations is increased cor- 



WO 97/33054 FMCT7f>K^7/$MH£^7 

respondingly (cf. Fig, B). Willi reference to the previously cited/required energies of 
rupture (of at least 0.5 N/mm to at least 20 M/rnrn) the increases of" the crack zone de- 
formations are typical from 1 0 urn for -very strong conventional concrete to above 
lOOO fini for the (still stronger) tough composite materials of the present invention. 

The impart of the high toughness is primarily effected by incorporating fine ? strong, 
rigid fibres, preferably in high concentrations by volume, characterised- in that the par- 
ticle based composite materials contain elongated particles as discrete fibres in con- 
centrations by volume of G, 1 - 1%, and/or 1-2%, and/or 2*5%, and/or 5-10%, and/or 
IO-20% ? and/or 20-60%. 

Migh toughness alone, e.g. obtained with conventional, relatively weak porous con- 
crete or mortar admix with many fibres, is not satisfactory for securing the intimate 
co-operation with the profiled sheets which is a characteristic for the articles according, 
to the invention. Thus, shear failure between the concrete and the profile sheets will 
typically occur in the weak porous border zones <c£. Fig. 5 and the description of 
"border zone failure**) and not within the material where the fibres act. 

By making the border zones much stronger, denser and more rigid in accordance with 
the invention, breaks are forced to propagate to a large extent within the material 
(away from the metal surface) where the fibres are active and hereby securing utilisa- 
tion of the essential rupture-toughness obtained with the fibres. 

Tills again emphasises the essential combination of the invention with respect to the 
composite materials of a) high strength, b) high rigidity, and c) high rupture- 
toughness. 

dompsLE-isoim of the sovesitlcszs with coasstr^acticnis based os* sts*oflig, rigid ansdi tou^Sa 
composite materials. 

It is known to produce dense particle-based composite materials having high concen- 
trations of particles, including composite materials comprising binding agents with 
closely paclced cement and microsilica, cf, Bache HLM., European Patent Specification 
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Wo, GOIG77*7 "Shaped Article audi Composste Material sod Method for producing 
same". 

It is also known to produce such materials hs^ng particularly high strength and rigid- 
ity obtained with very rigid, strong particles like sand and stone of Ad 2 D 3 - containing 
materials* cf Bacbe FLti. 5 "Deissined CementAJitrafine Partiele-IBased Materials^ pre- 
sented at the Second International Conference on S op e rp I ast a cizer Concrete, Jime 
Ottawa, Canada, CBL Report Mo. 40, Aalborg For 33 pp. 

It is also known to impart rupture -too gime ss to such strong, rigid composite materials 
by incorporating fine, strong fibres, cf. Bache HJHL, International Patent Application 
r4o. PCT/T>ICS7/00072, "Compact Reinforced Composite". 

From the same publication it also appears that it is known to use such material in rein- 
forced articles - reinforced with bars, wires or network embedded in and completely 
enclosed -by 4s the concrete" - in accordance with the same principles ss -used in con- 
nection with steel reinforcement embedded within the concrete in conventional ferro- 
concrete. 

In the light of the technology with strong, rigid ^ tough composite materials* cf. the 
above publications, at is, however, novel and surprising, to produce articles according 
to the present invention with sheets in intimate contact with such strong, rigid., rup- 
ture-toiigh composite materials. 

Thus, the teaching which can be deduced from the PCT/DK8 7/00 O 72 publication is 
quite clearly to secure reinforcement with round bars and! wires firmly wedged by em- 
bedding within the "concrete". reinforcing components are bars* wires having a 

substantially circular cross- section. It is mentioned in the publication that the 
"reinforcement" also includes U -steel and I-steel. Mere the question is clearly about 
bars and not sheets. The question is also Quite clearly about embedded reinforcement 
bars well enveloped by concrete and not about profile sheets placed preferably exter- 
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nal to tlie bodies formed by tine composite materials as in accordance with the present 
invention. 

Xhere is nothing in. fee prior art, nor in the above mentioned publications, which in 
any way would lead toe man skilled in the art to trie present invention as to profiled, 
sheets placed on the outside. On tiie contrary all teaching concerning reinforcemeol 
functions contained in the PCT/OIC87/OOOT2 publication supports the importance of" 
total embedment. 

Therefore, it must t>e concluded that the indention is novel and very surprising to the 
man skilled in the art also on tlie background of the above publications since these 
clearJy will lead, the man slcllled in the art in a direction away from the thoxights/ideas 
which might lead to the invention and in no way towards the invention. 

Qiaantia^straas of* shear t>eiasrvi©*ar <snms£i3&ry>. 

Under "calculation examples'" there is shown analyses of behaviour at displacement of 
steel sheets fixed to large articles/bodies of composite materials. Systems, which are 
strongly simplified but which give a good qualitative - partly -quantitative survey over 
what really happens, have been considered. 

In the first two calculation examples input data are used, representing prior art hybrid 
constructions with steel sheets in contact with conventional concrete having similarity 
with materials and constructions used as calculation example in Steel Designers Jvfan- 
nal. 

In the last two calculation examples <3 and 4) input data are used, representing com- 
- posite materials used for the present invention having similarity with the materials 
used in example I of this paper- 
It is demonstrated/explained in/by the calculation examples why profile sheet/concrete 
articles according to the prior art function purely at displacement with pronounced 
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fragile behaviour (quite in accordance with British Standard's directs ons of not to use 
such constructions where "composite action** is recruit red 

Quite in accordance with experiences of practise it is also demonstrated/explained why 
no benefit is obtained with a) concrete having higher strength, b) steel keying Metier 
strength. It is also demonstrated and explained why even definite negative effects or 
such measures - minor carrying capability, higher fragility, etc. - are incurred. 

Triers follows examples representing the invention- It is demonstrated/explained (of, 
trie calculation examples 3 and 4) why a completely different intimate co-operation 
between the profiled steel sheets and the composite materials^ as composed within the 
present invention, is obtained. 

Xhus, surprising to the man skilled in the art it is shown that the shear capacity is in- 
creased with a factor of* about 3D as compared to the behaviour for conventional con- 
crete and also with, the same factor <3Q) compared to conventional very strong con- 
crete (having the same strength as the materials according to the invention hut without 
the auite essential incorporation of" high rupture-tougrmess according to the invention). 

The results demonstrated in the calculation examples are in good harmony with reality 
as represented for prior art articles by the calculation examples shown in "Steel De- 
signers Ivianual" and for articles of the invention by the physical tested articles de- 
scribed in example 1 . 

It is. novel and surprising to the man skilled in the art to improve the shear capacity 
between profiled steel sheets and particle-based composite materials by imparting in- 
. creased rupture-toughness to the composite materials (the concrete). 

For the man skilled in the art it is yet more surprising to establish such improvements 
in systems by use of* very strong concrete which notoriously according to 
known/acknowledged technique has substantially the same or lower shear capacity 
and higher fragility, 
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To fiie man skilled in the art it is stilf yet more surprising that it is now possible wi th 
the material measures according the present invention to effectively utilise plate ele- 
ments of extremely high quality < strength^ With the prior art trie use of* profiled steel 
sheets having much higher strength than conventionally hot with halved thickness 
wouid e.g. result in imarlced reduction of the shear capacity and increase of the before- 
hand high fragility - a phenomenon which is known/acknowledged and is part of ac- 
cepted design rules for such composites {cf. "Steel Designers Manual"). 

Cciaposite s&r-tictes aeeon-disag to tSae &jaav®Hiti€B»n based oes less rigid? ibistdisti* agessts, 
e.g, plastic* 

A particular aspect of the invention concerns articles wherein the composite materials 
are based on binding agents of less rig id/frequently very deform able materials such as 
e.g, binding agents of plastic materials- 

As thin "glue joints" smart materials are very often very suitable to hold together strong 
rigid components and transmit forces therebetween. Acting along similar principles 
the materials are also very suitable as matrix material in fine fibre composites for 
maintaining fine, strong, rigid fibres and transmitting forces between these, Mere in 
particular the adhesiveness of the glue materials and their high deformabi 1 ity perform- 
ance are utilised. Soft materials like the most types of plastic are, however, not suit- 
able/inappropriate as materials for large components which have to be incorporated as 
integrated components together with e.g. steel sheets in strong and rigid hybrid con- 
structions. Mere conventional plastic materials are much too yielding. 

Thus, a hypothetical hybrid construction with profiled steel sheet would, as shown in 
example 1, but wherein the composite material has been replaced with conventional 
plastic material not at all show anything like the strength and rigidity which is dem- 
onstrated with the hybrid construction in example 1 of this description. 

In plastic particle based composite materials in articles/constructions according to the 
present invention there is provided the same properties/combinations of properties 
which make the composite materials appropriate for forming strong, hard, rigid and 



BNSDOCiDr ^WO 



WO ^7733©S^ IP C 1 715 7/DOO 9 1 

simultaneously tough bodies with intimate mechanical co-operation with strong 
sheets^ e-g. strong steel sheens. This is obtained with the structure composition de- 
scribed below. 

Stria e^iai-e ees p- o s &£$ © ei - particles - fs lb ires - Igylbg-fdl ^rtiieBes- 

i . Trie composite materials are composed of binding agents - as for example biixdizig 
agents of plastic materials wherein strong, rigid particles are incorporated - suitably in 
a very high, concentration by volume. 

In one group of interest of such particle-based, composite materials for articles accord- 
ing to the invention very fine particles of e.g. from 50 and down to 0. 1 fxrn and 
even O.Ol p.m are used.. Mere the designation "cement fineness" is often used (referring 
to cement grains having typically an average grain si2.s of between 5 and. 15 urn, 
suitably with 5-1 Q% greater than SO )xxvl) and 4 4 finer than cement"* {e.g. referring to 
conveEitional micro silica which lias a mean particle si^e of about G, 1 - 0-2. jxm). Such 
materials are used: in articles characterised: in that toe binding agents of the composite 
materials are based on "fine"" particles of cement sixe - and preferable also taltrafine 
particles like micro silica, in parts by volume of 1 -40%, preferably 5-25% - character- 
ised by a total high content of fine particles (e.g. cement -+■ micro silica) of at least 
50%, preferably at least 55%, more preferably 60%, yet more preferred of at least 
65 % ? most preferred of at least TO% by volume based on trie total volume of the 
binding agent. 

Another group of interest of particle-based composite materials for articles according 
to trie invention contains larger particles in higri concentration by volume and no or 
only a small proportion of fine particles. With "larger" means larger than cement par- 
ticles* typically particle sizes greater than 1 GO §-tm, ho wever, rarely with particles sub- 
stantially greater than ID ram. 

Such interesting composite materials are characterised in that the composite materials 
contain rigid,, strong particles iilce particles of natural strong rooks such as quartz, dia- 
base and granite preferred to stronger materials like materials of or rich in alumina, 
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silicon cai'bide and silicon nitride and/or particles of strong metals Islce steel or alloys 
of steel in con centra.! ion by voiurrie of at ieast 30%, preferably at least 4-0%, more 
preferably at least 50%, yet more preferred of at least 60%,. most preferred of at least 
65% by volume based on trie total composite material. 

Finally, there are interesting particle-based composite materials for articles according 
to ttie invention, which, has both, fine and large particles., having 

a> a high concentration of "fine" particles and a moderate to nigh concentration of 
"larger*'' particles, or 

b) a moderate concentration of "fine particles" and a higrt concentration of larger par- 
ticles, or 

c) a relative high concentration of both "fine" and larger particles. 

Snob composite materials are generally characterised by having a very nigh concen- 
tration by volume of strong, rigid particles referring to the sum of "fine" and larger 
particles. 

2t_ Beyond containing strong, rigid particles the composite materials also contain elon- 
gated fine, strong, rigid components, typically in the form of discrete fibres, threads, 
fabric or web, and suitable but not always in high concentrations by volume, charac- 
terised in that the particle-based composite materials contain elongated particles as 
discrete fibres in a concentration by volume of 0. 1 - I and/or 1 - 2%. ^rt^/ar 2 - 5% 
and/or 5 - 10% and/or 10 - 20% and/or 20-&0%, 

In many of the composite materials for articles according to the invention the fibres 
only serve the main object of imparting toughness. The proportion by volume of fibres 
is often so low (e.g. 2% or less) that it has only a marginal effect on trie rigidity of the 
beforehand particle strengthened materials and also has only marginal effect on the 
amount and the size of the particles which practically can be incorporated into the 
composite material. 
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Ajl high fibre content, e~g- 10 - 2,0% by volume, in particular 20 -- 60% by volume and 
quite particular about 6Q% by volume of fibres* the fibres have a marked effect both 
with regard, to the contribution to rigidity and witli regard to tire interaction with par- 
ticles. For example there are very interesting composite materials for articles accord- 
ing to the invention having high rigidity and rapture-toughness , characterised by a) 
very High, content of fibres and t>) correspondingly low content of" "particles'% option- 
ally entirely without "particles 97 , 

3. For hybrid articles according to the invention the said composite materials are 
combined with strong, rigid components, e.g. of steel, in the form of slabs imparted! 
profile form. 

For hybrid articles according to the invention based on plastic or corresponding less 
rigid binding agents in the composite materials the route described from 1-3 can be 
characterised by; 

I . With particles in very high concentrations the plastic materials (^considered in rela- 
tion to the pure plastic material concerned) is imparted very high rigidity and very 
high compression strength and substantially "unchanged" tensile strength and very 
small yielding with regard to deformation up to maximam of stress, 

2., With fibres the above hard but fragile plastic composites are imparted very high 
ruptore - rigidity 5 i.e. high deformation performance and energy capacity in connection 
with crack: zone deformation and crack opening as related to the behaviour after 
msximom of stress. 

3. With the - as regards rigidity, compressive strength and rupture-toughness - com- 
pletely changed material behaviour we have naturally to renounce from conventional 
plastic-metal hybrid construction, {cf gltiing etc). Plane- sheet-plastic composites 
changed as stated under 1 and 2, will suffer of the same weaknesses as mentioned gen- 
erally for hybrid structures (careemng-rupUire etc-)- The unitpie hybrid behaviour of 
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pj a.stic-bsj5ed articles according to tire invention is secored by forming hybrid con- 
stmctions with use of profiled strong rigid sheets. 

The invent? on is defined by requirements to the properties/combination of" properties 
for composite materials supplemented with requirements us to how such properties are 
obtained, 

A different way of expressing the invention is by primarily focusing on the approaches 
made for obtaining trie properties and combinations of properties for trie composite 
materials of trie hybrid articles which by incorporation into the intimate contact with 
the profiled sheets forms the articles/constructions of the invention or parts thereof. 

Objects composed of or with particle based composite materials in intimate contact 
with profiled sheets preferably placed entirely or at least essentially external to the 
bodies composed of the composite materials^ forming the hybrid articles are character- 
ised by that: 

a) binding agents of the composite materials are based on strong/dense cement paste - 
and/or other binding agents lilce plastic based binding agents containing fine particles 
of sizes as cement and optionally also finer particles characterised in that the propor- 
tion by volume of cement, including fine particles of cement fineness or finer such as 
micro silica,, prior to the solidification is at least 50%, preferably at least 55%, more 
preferably at least 60%^ yet more preferably at least €55%, most preferably at least 
70%, and 

b> the composite materials contain elongated particles such as discrete fibres in con- 
centration by volume of O.l - 1%, and/or 1 - 2%^ and/or 1 - 5%, and/or 1 0 - 20%, 
and/or - €>O g A> or higher than 60%, and preferred 

c) the composite materials contain larger, rigid, strong particles like particles of natu- 
ral strong rocks such as quartz^ diabase and granite, preferred of stronger materials like 
materials ot7or rich in alumina, silicon carbide and silicon nitride and/or particles of 
strong metals like steel or alloys of steel in concentration by volume of at least 30%, 
preferably at least 40%, more preferably at least -4G%, yet more preferably at least 
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50%, still yet more preferably at Wast 60%, most preferably at least 65% by volume 
base<d on tne total composite material, and 

c) the pi site elements axe strong characterised by a tensile strength, of at least 1 OO IvIPa, 
preferably sit least 200 MPa, more preferably at least 350 MPa, yet more preferably at 
least 5 OO MPa, still yet more preferably at least 700 K4Pa, most preferably at least 
IOOO Tvfpa. 

In a particular aspect tbe invention concerns articles wherein co mpo site materials 
without or with, only low content of larger particles are incorporated.. 

As to tls e mere particles socti composite materials can be composed of* a) exclusively 
cement particles and. particles of cement fineness or finer and/or b) also containing 
slightly larger particles, e.g. particles naving sizes from IOO pjm, 2:50 j_tm or up to 1 

sum. 

Composite materials of tJhis category is particialarly of interest for a) articles/parts 
whicii are very fbin baving e.g. thicknesses of less than 1 0 mm or less than, 5 mm or 
less tiian 2 mm* and/or b) articles having a very confined: internal structure, e.g. in 
articles having a very high fibre content such as 2 - 5%, and/or 5 - 10%, and/or be- 
tween 1 D% and. 2Q% S and/or between 20% and 60%, and/or higber t&aan 60% . 

B^Sssiiafmetiis-e. 

Production of components composed of 1) strong cement-based materials, more gen- 
erally of strong particle-based composite materials in intimate contact with. 2) profiled 
sheets includes: 

1 - Production of composite materials, e.g. strong cement-based materials of the Dea- 
site-type. 

2. Production of profiled sheets, e.g. profiled steel sheets. 

3, Securing intimate contact between the components described under point 1 and: 2. 

Production, of composite materials, e.g. cement bounded materials* can be effected in 
accordance witb known technology for producing tbe respective composite materials. 
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Similarly the production of* profiled, sheets can. be effected acccrdifAg to known tech- 
nology forthe production of such sheets . 

Trie instant invention concerns processes snd methods of joioing together c omp o n en t s 
for obtaining intimate contact - and for integral production where e.g. profiled sheets 
function as form or tool in connection with toe production of" the composite materials - 
or where the composite materials conversely function as form or tool in the production 
of" the profiled sheets. 

In one aspect the invention concerns processes wherein the profiled sheets function as 
mould sides in processes wherein the composite components are imparted their final 
shape and final position in intimate contact with the profiled sheets. 

The shaping can he effected with pouring masses which are poured or pressed against 
the profiled sheets, preferably assisted by mechanical vibration. 

Hiese methods include pouring masses which in fresh condition before solidification 
are easy flowing to plastic and rigid plastic. The methods include compacting pressure 
of from I O or lOO J*a which corresponds to the own weight of thin layers of up to 10 
or lOO IvfPa or more as with High pressure compression. 

A particular aspect of the shaping can he effected "by smearing or spraying the pouring 
masses on to the sheets. 

particular aspect of the invention concerns processes which combine the above 
methods, e.g. by succeeding a smearing or spraying with pressure compression fre- 
. cfoentiy preferred with oscillating pressure <Vibro compression). 

In an other aspect of the invention a part of or all the components of the composite 
material - larger particles, fibres etc. - are preplaced in contact with the profiled sheets 
whereupon the cavities between these components are filled out by infiltration with 
liquid binding agent, e.g. assisted by vacuum and/or external pressure. 
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In another aspect of" the invention intimate contact between the sheet and the fine par- 
ticles ■+- liquid of the composite pouring mass is first provided and then the coarser 
parts are applied in. contact with the fine particles -+■ liquid- In one aspect of the inven- 
tion this is effected in fresh, condition isnder simLBltaneotis displacement of the said 
finer particles ■+- liqoid up between the coarser particles and components . The process 
can be effected by centri fu g ati or* or by external pressure possibly assisted by internal 
vacuum to secure against inner air accumulations- 

In another aspect of the invention substance composed of finer particles and liquid 
which penetrate into the confined cavities, e.g. between closely spaced reinforcement 
or into the roughness in the sheets, is as above first applied followed by a pouring 
mass containing both fine and coarse particles ■+■ liquid which displace the finer parti- 
cles - licjtiid system from the areas wherein the coarse particle system can penetrate 
into and which si mul taneou sly leaves the confined interstices* wherein the coarse par- 
ticles cannot penetrate^ filled with Hie fine particles ~ liquid material. 

After having shaped the pooring masses in intimate contact with the sheets the pouring 
masses solidify, e.g. by hydration in case of cement bovine! materials, solidification in 
case of thermoplastic materials, and polymerisation in esse of thermosetting plastic 
materials. 

For a large number of processes according to the invention final contact between the 
sheet element and the sheets has thus also been obtained. 

Interesting aspects of the invention concern specific measures at the interface between 
the composite materials, soch as gluing.. In one aspect of the invention the solidified 
materials are separated from the sheet after which adhesive is applied on one or both 
surfaces whereupon they again are bro tight in intimate contact and the adhesive so- 
lidifies then. 

In another aspect of the invention the adhesive is applied on the surface of the sheets 
before pouring and hardening, e.g. in the form of a solid film. Ajfter the composite 
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materi-als are pfaced in contact with the sheet and also In. direct contact with the ap- 
plied solid film the latter is melted by heating, and then allowed to solidify amd to form 
the desired adhesive joint- 
In another aspect of the invention the composites and the sheet are prepared separately 
sand are then assembled in intimate contact, e.g. maintained by gluing. 

In a particular aspect of" the invention the composite material article is first produced 
and then the sheet part is prepared by processes in which the sheet element is brought 
in intimate contact with the surface of the composite material article. Processes of this 
category can he based on plane sheets which assisted by pressure, optionally vacuum 
and heating are shaped so as to follow the outer contour of the composite article. By 
way of example it may be vacuum shaping of plastic sheets or pressure shaping of 
sheets of superplastic metal, both processes typically at increased temperature. 

Ajaother often preferred technique is galvanotechiiique wherein a metal shell is depos- 
ited on the surface of the composite articles in galvanic bathes. Other techniques 
within the scope of the invention are based on other well known coating techniques 
such as plasma spraying technique and chemical vapour deposition. Just as in the 
processes wherein the sheets are first produced it is also possible in the shaping of 
sheet or shell on the finished composite articles simultaneously to establish the final 
contact, or the processes are first based on separation of the shaped sheets or shell 
from the composite articles and then joining them together again in succeeding proc- 
esses, e.g. by gluing. 

JFIyi?i-iet eosssts-aactlon sce©i-sIisB.g; to ti&e prior art- - Esampie. 

We will now consider a typical composite construction of concrete and profiled steel 
sheet according to prior art. 

T*he example is taken from "Steel Oesigners Mamiar' where it is used as text book 
syllabus for II lustration of how such composite slabs are designed in accordance with 
the Hritish Standard. 



The item is a cover construct I on in form of a piste having a. span of 3 rzi r simple sup- 
ported along two edges, designed to absorb even distributed loading. The cover plate 
is composed of (at the bottom) a profiled steel sbeet and (at the top) concrete. 

Profile: Z-shaped height SO mm 

Top and bottom flange 1 2.5 mm 

Body inclination (horizontal/vertical) 12 3/5 Q 
(deviation from vertical) 

Sheet thickness 1,2 mm 

Steel quality „ yield point 2SO >5/mm 

Cover thickness (concrete -+- steel sheet) 75/1 25 mm 

Mean 1 00 mm 

Compressive strength- of" concrete 30 N/mm 2 (cube) . 

In "Steel Designers "Manual^* calculation is made of tine maximum moment which can 
be absorbed fey the plate if it functioned effectively as composite article* i.e. without 
shear failure between concrete and profile sheet (e.g. secured by particular mechanical 
measures). 

JPIsistic MZi&vm&mt w£ resaslaoce M1;3I 9 SOT (MoaEieiit pes- meter). 

Based on experiments with, such plates the real condition at rupture is then shown in 
"Steel Designers IvianuaP*. Rupture occurs at a substantially lower loading, not in 
bending "but due to shear failure: maximum shear force. Vaa = 2> 1 ,800 r^/rrtm, 

TB>aseei on the above start data the result of* calculations of corresponding naascirnum 
stresses in an analogue homogenous elastic plate, i.e. a plate having the same outer 
. measures as the composite plate hut composed of homogenous, isotropic material 
having a linear elastic behaviour, is shown below, The calculations are based on the- 
ory for a simple beam. 
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The results are shown below in the scheme: 



Shear failure 
in real state 
of rupture- 



Theoretical calculated! 

p res tiro log effects ve composite 

action with ben. ding failure. 



Klaxi mum tensile 
stress 



12.5 M/mm 2 



243 N/mm 2 



I^laxiirnium shear 
stress 



G.42 N/ram 2 



O.S2 Wrnrn 2 



Even distributed 
loading 



14-5 k>3/m 2 



283 kN/m 2 



SctierEsiei Ivfaxixnuxn stresses in analogue elastic plates corresponding to 1) real behav- 
iour, and 2) behaviour on condition that effective composite action was established, 
and the evenly dispersed loadings corresponding to the two rupture conditions. 

The results emphasise the insvtr^icient co-operation between the profiled sheets and the 
concrete in conventional constructions/articles- 

Thus, the real loading at rapture is only about 50% of* the loading which the plate 
would be able to carry if shear failure was avoided, Thus, the carrying capacity corre- 
sponding to composite behaviour cannot at all be utilised. 

The results are also applied in estimation of what is obtained by the measures taken by 
the present invention, comparisons being drawn as to what was obtained purely physi- 
cally with the plates of the invention shown in example 1. 

Thus, in the articles according, to the invention in example 1 shear stresses of 19 
N/mro 2 occurred which is 15VCL42 =*= 45 times more than in the above conventional 
composite pl^te at its failure. 
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^ks do shear feiiure occurred in tlie article according to the inventioa the shear capacity 
is in reality still Higher- Thus, trie srieair capacity is at least 4^5 times higher than that of 
trie composite article according to trie prior art. 

This is very surprising as seen in trie light of 1) trie strength of trie concrete is only 
increased corresponding to about a. fee tor iO and furthermore, of 2) the shear resis- 
tance at failure "between concrete and. steei sheet is conventionally not at all increased 
fc>y increasing trie strength of" trie concrete <Vide trie calculation example). 

CALCULATION EXAMPLES 

In trie following some calculation examples will be demonstrated to illustrate the in- 
teraction of the plate composite material in a) articles according to the prior art and. b) 
articles according to the invention with particular reference to shear failure. "We con- 
sider a simplified system wherein a thin metal sheet is pulled, relative to a concrete 
foody as shown in fig. The figure shows in cross -section a thin metal sheet 1* of 
thickness t and modulus of elasticity Ea, fixed on the outer side of a body formed of 
composite material affected by a force 3 (K) acting in the direction of the sheet. 

In connection with illustration of pure shear it is immaterial whether the sheet is plane 
or profiled. Therefore , it is chosen to discuss (illustrate the physic in the light of the 
shown simple plane - sheet hybrid construction). 

With increased displacement the zone propagates within which the forces are transmit- 
ted, in the following designated the displacement zone. When the displacement at the 
point of force attack has reached the maximiim value for acting force transmitting the 
displacement zone has reached its maximum extension <Le) and the force, which is 
transmitted > has reached its maximum size (F=Fc).. 

Further stressing (removal of the point of force attack) results in removal of the dis- 
placement zone away from the edge but with maintainance of the force F=Fc. What is 
gained hy utilizing material farther in is lost olue to failure of force transmittance 
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above the active zone, The £igi_Lre illustrates tills sitostioo. with the force transrnittajice 
zone 5 a distance within the article and a front crack 5, 

The behaviour can be described as shown below where an idealized case is considered^ 
i.a. having a linear elastic behaviour and a constant shear stress (Xo) throughout the 
zone of* action (Lc). 

fvfodel complex 1 

Xen.si.ie force in sheet Fc — V^EaOt (Tsf/rnrai} 

IvX aximum tensile strength in sheet or = ^2EaG/t CM/rom 2 ) 

Zone of action Lc= V2EaGt/ (mm) 

Ear Modulus of elasticity of the sheet element, G: energy of* rapture at shear failure, 
-to: Shear strength, t; Sheet thickness. 

As it is seen from the model that the modulus of elasticity of the sheet element forms 
part of the expression for the carrying capacity, In the illiistrating example chosen to 
give maximum of clari ty /survey , only the rigidity of the sheet took part. In the real 
systems the rigidity of the concrete is also of importance. The effect goes in the same 
direction, viz. a higher E-modulus for the concrete results in a larger zone of action 
and a higher carrying capacity, 

The energy of rupture related to displacement forms part of this simplified model even 
though such quantity is not unequivocally defined according to the literature of the art 
and even though it is chosen in this patent description to relate requirement with re- 
gard to rupture-toughness to the energy of rupture at tension. The reasons for using 
energy of rapture related to tension is found in this specification, i.a. in the paragraph 
concerning ^definitions and explanations". 

1* Beltaviour illissti-stii^fg exlstiiag e© opposite slafe ^.ccojrcSiEag t& prior art 

Composite slab having high similarity with an actual plate used as example in design 
of "composite slab"" in "Steel Designers' Manual" (composed of concrete and profiled 
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steel sheet, 1.2 miri thick sheet with trapezoidal profile) with respect to concrete, sheet 
element and sheet thickness. 

St sort I Dig: data: Max . local shear stress 

Sheet thiclcness t — 1 mm 

Energy of* rupture G = O.l 3ST/mm 

Modulus of elasticity of the steel sh.se t Ea 2 x 1 0 5 >J/mm 2 

Trie state of rupture at shear failure is found from, the model. 

K-iax. tensile force in the sheet Fc= 200 N/mm 

fwfax. tensile stress in the sheet cr = 200 N/mm 2 

Extension of the zone of action Lc = 40 mm 



Tills illustrates a (frequently undies ired) fragile behaviour of force transmittsnce con- 
centrated across a very small part of the contact area. 

Viewed in the light of the example from "Steel Oesigners* Kianual" concerning a 
simple supported slab having a span of L - 3,0 m this means e.g. that the shear forces 
are to he transmitted across a distance of about Lc = 75 G mm. A.s it is seen from the 
value for the extension of the zone of action I_c* the transmission of the forces takes 
place on a distance of only Lc = 4-G mm, thus, on only about 5% of the shear area. This 
means in torn that the shear stress in average is only about 5% of the maximum; 

AO 

t = 5 = Q.27 N/W 

750 

Viewed in this light it is not surprising that through numerous experiments and ex peri - 
ences in practise within the prior art, recognition has been reached about the weak- 
nesses with conventional composite slabs as regards shear failure as i.e., it appears 
from "British Standard**,, cf. the above quotation concerning order of utilising such 
hybrid constructions where utilisation requires "composite action** {vide page ), 
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2.= E/vsI&ssatiesHi rait f fee effeet of isEapi-o^eel c;©ncrete cjiB^ligy /steel ggmB^Iity f<©E~ ex:£stiEHg 
cossBposite stUalbs saeesi>rdli£S|| to prior si*f . 

With starting point in the numeral values in calculation example I , we will now show 
why even modest benefit is not obtained with thin slab concrete hybrid constructions 
according to the prior art by using stronger materials (concrete/steel), out instead often 
definitely inferior behaviour with stronger materials contrary to what would Be ex- 
pected from general teaching of constructions. 

Coasrete cfjiss&Uty - stressgtla 

With increasing strength of concrete obtained e.g. by reducing the proportion between 
water and cement, the shear strength will also he increased. Titus, from the design 
principles according to the prior art a doubling of the shear strength would he expected 
to result in the double shear carrying capacity or the composite slabs. This is, how- 
ever, not the case. An increase of the strength of the concrete by reducing the wa- 
ter/cement ratio result in a more fragile concrete. Thus, a doubling of the strength will 
usually only have marginal effect on the E-modulus and the energy of rupture, In 
many cases, the energy of rupture will even be reduced due to the feet that rupture etc. 
will rather pass through aggregate than round it as it happens in weak: concretes. 

If, in addition to the above rough estimates, we presume that the energy of rupture 
remains unchanged (O — 0,1 N/mm) when the strength of the concrete is changed and 
hence alto to, a twofold and fivefold increase, respectively, of to is achieved as shown 
in scheme 1 below. 
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to Fc cr ILc L,e/G„251L xav 

>l/inm 2 N/mm N/mrn 2 mm % 



5 200 200 -4-0 5 0.27 calculation values frosrx 

example 1 . 

lO 2.0Q 200 20 2.5 Q.27 actual values with stronger 

2.5 2.00 2O0 8 1 0.27 concrete 



By way of" example,, the sise of the area wherein the forces are transrnltted is sp.owb in 
the penultimate made column, irtdicated in % of" true total contact area of the above 
slabs having a length L — 3 meter. In the ultimate coIimiib the average shear stress is 
stated, 

A.s it is seen, no improvement regarding shear capacity (Fc) and utilization of the steel 
(cr) is obtained. Wliat only occurred is that the small force transmission zones nave 
been fin-trier concentrated (from an extent of 40 mm down to only 20 and 8 rom^ re- 
spectively ? corresponding to only 2,5 anci I respectively,, of tne area which is avail- 
able for the absorption, of the stiear forces), 



Viewed in the light of this numerical example the conciosion must be: No improve- 
ment, the same shear capacity. In reality, trie conditions iiave become worse than it is 
expressed in the scheme. The articles are far more fragile and sensitive to local 
stresses and! fissores. 

Steel c|!saaMty - stmeiagfli 

As it is seen from model complex I 3 nothing is obtained with maintained sheet thick;- 
ness by using much stronger steel, e.g. with a twofold or fivefold strength. With 
maintained sheet thickness <in the example t = 1 mm) the data shown in scheme 1 are 
obtained in ail cases, as the behaviour depends exclusively of the rigidity of the steel 
(mod isi iJis of elasticity), which is unchanged by using stronger steel, and not on the 
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yield stress and strength (as far as these - with, reference to the example - are above 
ZOO N/mm 2 }. 

Triiis, tiiis means that "according, to conventional technical know-how the carry ing ca- 
pacity of composite slabs cannot be doubled/quintupled by dotibling/qiiintizpiiog the 
strength of the main components (concrete and steel sheets). If attempted, the effect 
becomes at best an unchanged behavioor. 

f£€fective mt%iks.ss.timm of Sine sheets elemeiats 

If it is contemplated, to utilize much stronger steel having e.g. a yield stress of 8QO - 
1 OOO T*5/mm 2 in order to save materials the situation becomes far worse* 

X^et 11s consider what happens if the sheet thickness is halved, i.e. reduced from t — 1 
mm to t ™ 0.5 mm. (In this hypothetical example illustrating the principles it is ignored 
that sheet thicknesses of 0-5 mm for other reasons may have weaknesses. By way of 
example the same result shown below could have been obtained if in similar systems 
1 0 mm sheets were reduced to 5 mm sheets). From model complex 1 the values shown 
in scheme 2 are obtained. 

SCHEME 2 

to Fc €F I_*e 

N/min 2 N/rain N/mm 2 mm 



5 



141 



282 



2& 



ID 



141 



282 



14 



25 



141 



2S2 



it is seen by comparing the values in schemes 1 and 2 the thinner, stronger sheets 
of scheme 2 result in inferior carrying capacity, viz. a reduction of 30% of the before- 
hand very small shear carrying capacity. The zones of action have also become re- 
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duced by 30%. The steel quality is not utilized so effectively as desired - only corre- 
sponding to an increase of where conventionally a halving of the sheet thickness 
would "be expected to result in a doiibiing of the stresses. 



If it was desired to utilise e.g. steel of douhle strength <e»g. having yield stress of SOO 
in stead of 300 IsT/mm 2 ) the srieet thicknesses should be reduced to 2/4-. TThis would 
lead to a halving of the shear capacity and a halving of -fee Beforehand extremely small 
displacement zone , Ail in all, the use of high steel quality in order to reduce sheet 
thicknesses will according to cooventionai technical icn o w-ho w result in inferior carry- 
ing capacity at shear and higher fragility. 

larity wrtrti the cc&isiposifre sBsat* siesci-IIbedi Its es.s££§mp>Ie 1 C^^^^fS regard ste set 
ftsielsmess and jpi-oper-tfes eonnpo&t&e nmsgterials> 

Max. local shear stress to 

Srieet thickness t = 1 mm 

Energy of ruptoe G = 3.6 >J/mm (3 SOO INf/m) 

modulus of elasticity (steel sheet) Ea — 2 x 1 0 5 M/mra 2 



In the state of rupture at shear failure,, it is found from the model: 



Max. tensile force Fc = 1 200 N/nim 

Max. tensile stress in the sheet cr — 1.2O0 N/mm 2 

Extent of the zone of action Lc = 4S mm 

In trie composite slab of the invention shown in example 1 <free span 2S7 mm loaded 
with a central line loading) the shear forces are to foe transmitted between loading and 
support which is an area having an extent of only 1 AA mm (compared to 750 mm in 
the described known slai> construction, cf, calculation example 1). This means that the 
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setoff transnsission occurs on 4-8/144 = 33% of the total displacement area (and not as 
in calculation example 1 on only 5%)_ Xhis means correspondingly that the shear 
stress In average becomes lav — 25 xOJ3 — 8 N/mm 2 . 

Xhus T compared with, the figures of example 1 <TF = C.27 N/oiLn.1 2 ) the shear resistance 
has been increased with about 30 fold. 

Xhis must be very surprising to the man skilled in the art - not only the great nrnnber, 
but also the fact that the shear resistance was increased: as much as six times more than 
the shear strength which was only increased by a factor 5 (from 5 to 25 >4/rrum 2 >. 

Thus, "very surprisingly** as much as six times more benefit is obtained with the in- 
creased shear strength compared to what could be expected according to the techno- 
logical know-how of the prior art. 

Compared to the results from the experiences of the prior art as regards negative effect 
of stronger concrete (and steel) as demonstrated in calculation example 2 the results 
are yet more surprising to the man skilled in the art within the known technology. 

From scheme 1 it appears e.g. that with very high shear strength (to — 25 ob- 
tained only by improving the strength of the concrete without - as in accordance with 
the invention - also simultaneously increasing the energy of rupture pronounced, the 
mean value of the shear stress is not increased. 

Xhis means, very surprisingly, that - based on the figures of the present example - with 
materials having the same shear strength, to = 25 N/mm 2 : 

a 30 fold improvement of the shear capacity is obtained by the invention 

compared to analogue systems with Quite as strong concrete but without incorporation 
of the cguite essential rupture-toughness which is characteristic for the composite ma- 
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te rials of trie present Invention. The snean shear stress was increased from G.27 N/mni 
to 8 N/rnm 2 . 

4. KstinnLSite cif s^mposite slstss s&eeorsSisiigg to tfee loves?, ooeb - Ibrc&iaciei- pe^pectwe 

As viewed irom calculation example 3 as starting point we will discuss /evaluate the 
different aspects of the present mveation, still with model complex 1 as tool. 

E-^s-fge EisrtHcrSes 

An essential feature of tine design strategy, whicli is the t>asis for design of many arti- 
cles witliin tlie present in vent ion, is regard to Hie fact that the degree of fragil- 
ity/toughness does not only depend on the materials, out also on the size of the arti- 
cles. As illustration we will now consider articles liice those described in calculation 
example 3 and shown in example I but ten times larger. With reference to example 1 9 
this means e.g. slafe constructions having a span of about 3 m, height SO/300 nun, and 
a profiled steel sheet having a thickness of 1 0 mm. 

We will consider articles: 

a) prepared of exactly the same composite material as in calculation example 3 } 

of materials adapted so that the behaviour of the large articles becomes similar with 
the behavsour of the slab shown in calculation example 3 - 

Si) Of file sj&me SHSSif eirfi^is 



Max, local shear stress 
Sheet thickness 
Energy of rupture 



to = 25 TNVtxxm 2 
t = ID mm 

G = 3,6 IsF/mm (3600 Wm) 



The state of rapture at shear failure is found from model complex I : 
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Ma?t. tensile force in sheet 



Fc = 3800 M/mm 



2s&2£&. tensile stress in sheet 



cr = 3 SO N/mm 2 



Extent of* isoine of action 



Lc = 1 52 mm 



Decisive, it is so interesting composite slab according to the invention, But compared 
to the system in calculation example 3 a tenfold increase of the tensile force of rupture 
in the steel sheet has not been obtained with the ten times thicker sheet, and the steel is 
neither utilised so effectively. 

It is also seen that the transmission zone has become relatively smaller than in the 
small sheet, vis:, 152/14^1*0 = i<X7% compared to 33% and that the average value of the 
shear stress has become correspondingly smaller, viz, 2.5 IsT/mm 2 compared, to S 
in the soaall sheet. 

The value is yet still very high compared to that of the prior art, cf. calculation exam- 
ple 2 C*^^v = 0.27 M/rnrn 2 ). With xav — 2,5 N/mm 2 the shear force per area is about 1 0 
times larger. 

b> Of uaaterials i^provecS/^&clJs^stecl with B-egs.£-dt to degree annei £©ssgposess 

According to the design principles used in designing articles according to the present 
invention, similar behaviour will be obtained for geometric similar articles, e.g. 10 
times larger articles, of materials having the same strength and rigidity by simultane- 
ously increasing the energy of rupture by a factor 1 This means that in the actual 
case, we will have to increase the energy of rupture from 3.6 N/mm to 36 N/mm 
(36GOG N/ra). This is technical feasible. 

Typically it is effected by increasing the fibre content f e.g. from the actual one of 
1,1% used in the articles shown in examples 1-6 or and modifying the fibre ge- 

ometry and the particle geometry adapted to the larger articles. 
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Max. local shear strength. 
Sheet thickness 
Energy of rupture 

Iviodulus of elasticity < steel stieet) 
W-g-Zfrftm is&©£tei camples: 1 if is foiBMdts 

Kdax. tensile force in sheet 
Fvla3£. tensile strength in sheet 
Extent of zoae of aotiorj. 
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to = 25 T^/ixloY 2 
r= 1 0 mm 

O — 36 N/mrn (36GOG M/m) 
■E =* 2 x iO 5 N/nmi 2 



Fc = 12000 M/rnm 
or — 1200 N/ram 2 
L-c = 48 O mm 



.Again we nave obtained the same/similar behaviour with, large articles as previous 
with the small, tough slabs- 

That is: 



Transmission unto 33% of the displacement area; mean stress xav — 8 M/mm 2 (30 fold 
increase of the shear resistance as compared to conventional technique, cf examples 1 
and 2, 

S, C^rirytsag ess paucity of 3 m e©mp©site sls&lb siecos-dliiBf* to fee prie^r* art sasssl siecerd- 
iaag to tiie invention 

Based, on a) a composite slab according to the prior art, described in "Steel Designers* 
, Manisal", see "Hybrid Constructions according to prior art", and fo>) the tested, compos- 
ite slab according to the present invention, c£ example I , comparisons of the carrying 
capacities have been performed . 
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We consider simple slates having a span of" 3 m, supported along opposite edges and 
loaded with, an evenly distributed loading.. The slab of the prior art (according to Steel 
Designers 11 iVfanuaJ) is exact as described. 

The slab constructions according to the ioventioxi are geometric similar with trie tested 
one (cf. example I> as regards cross section. Simultaneously* the rupture-toughness is 
adjusted (as in 4) so that the behaviours become similar- Based on the moment capac- 
ity (moment of rupture) experimentally found in example 1 trie moments of rupture 
have been calculated from classical beam theory for the larger similar slab construc- 
tions and from that in turn calculated the corresponding loadings of rupture. 



Slab construction 



height mean slab thickness 

thickness pressure 
mm mm mm kN/m 2 



loading at rupture 
meter water 
m 



according to prior art 125 1 OO 
according to the in- 
vention 125 53 

236 lOO 

316 135 



1-2 

.4.2 
7.9 
lO.S 



14,5 

204 
728 

i y 30*S 



1.45 

2G-0 
73 ,G 
131,0 



Xise cssi-ry&sag capacity ©£ eosEaposite articles wife profiles! steel, slieets in ccsssiact 
with, "concrete". 

Loading at rupture is expressed in terms of pressure of an evenly distributed loading, 
partly in icN/iri 2 9 partly as meter of water column. The carrying capacity of" the slabs 
according to prior art is stated in "Steel Designers" Manual" from which they are 
quoted. 

The slabs of the prior art are designed so as to resist evenly distributed loading of 
5/KjN m 2 The loading of rupture is 10 KN/m 2 . The own weight of 2 KN/m 2 is in- 
cluded therein. Failure occurs by shear rupture along the steel sheet and the concrete. 
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<If shear failure was prevented sxid slab failure in stead occurred due to plastic yield- 
ing at bending, the carrying capacity would have been nearly the double - 2S.5 IcM/ro 2 . 

As it appears 5 the invention provides for: 

a) for slabps of fee same heijght O 2.5 mm) and only 53% by volume of material: 14- 
fold higher caiTymg capacity coixespondiEg to a loading with a 20 m column of water 
compared to 1 .45 eh for the reference of tlie prior art, 

r?) for slabps of the same volume of material and scantily the double height, the carry- 
ing capacity is above SO times higner correspond ing to a loading with a 73 m high 
column of water, 

c) for the somewhat stronger slab which is exactly geometrically similar with trie 
small slab dealt with, in example 1 of the patent specification,, the carrying capacity is 
!>0 times higher and tlie loading of rupture correspoiids to a 130 m column of water 
compared with. 1 .4-5 ni for trie reference of the prior art. 

The material volume of the slab is„ as it appears, only 35% greater than that for the 
reference slab, 

With reference to a) and b> it is seen - utmost surprising to the man slolled in the art - 
that by increasing the strength of the concrete with a factor of about § (from 30 to 250 
>J/mm 2 > and simultaneously increasing the sheet thickness with about 3.5 to 7 times 
(from 1.5 mm to -4.21 and. 7.9* mm, respectively) of steel of not essentially different 
quality ? a 14- and SO, respectively^ times nigher carrying capacity is obtained. 

Thus, the carrying capacity is about 2 to 6 times higher than one would expect accord- 
ing to conventional technology with the stated increases in material strength and steel 
sheet thickness, if the well-known feet erroneously was ignored that (doe to composite 
action) the estimated positive effect of stronger concrete for profile sheet/concrete 
composites will nothing like approximately be obtained. If consideration is paid 
thereto the figures are yet more surprising to the man skilled in the art concerning the 
known technology. 
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It should further be stressed that the values related to the slab constructions according 
to the invention, cf. example 1 , was based on experiments with slab constmctions 
which failed by rupture in bending, due to yielding in the steel sheets arid not cine to 
shear failure, as was the case for constructions according to the prior art, 

Xhis indicates that e.g. with steel sheets of" higher quality a still higher carrying capac- 
ity can he obtaixied before the limit is reached where failure- happens due to shear. 

ARTICLES - EMBODIMENTS OF CONSTRUCTION 

The desired behaviour is secured with the strong, rigid and simultaneously very tough 
composite materials combined with sheets having profile shape. 

The invention comprises a wide scope of profile embodiments and slab elements and 
slab thicknesses, 

-A. group of particularly interesting constructions according to the invention are con- 
structions wherein the profiles are trapeziform - thus not rounded ~ and here again 
such wlierein the side walls are steep <l.e. the angle between the web and the flange is 
large, e.g. 44° ? optional 60°, optional 70° or optional 80° or 90°). Such embodiments 
increase intimate mechamcal co-operation between the sheet profile and the composite 
material, e.g. so as to counter longitudinal displacement. 

A. particular aspect of the invention concerns constructions composed of profiled 
sheets and said composite materials further reinforced with reinforcement imbedded in 
the composite materials, typically in the form of bars, threads and wires. 

Principally* the reinforcement can be of any material and having arbitrary strength and 
rigidity. 
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In preferred constmctiotts according to trie invention the reinforcement is strong hav- 
ing £ ensile strength of ait least SCO MPa ? preferably at least TOO MPs, more preferably 
at least 1O00 Mpa, yet more preferably at least 20OO Jvlpa. 

An example of preferred reinforcement is cold drawn thread of steal having a tensile 
strength of 1 BOO JviPa, 2000 Mpa, or 2000 - 2500 Ivf pa. Trie reinforcement can be in 
the form of separate threads or combined threads forming e.g. cables. 

Particular aspects of trie invention concern profiled sheets and composite materials 
according to the invention reinforced! locally or globally. A. particular aspect of the 
invention concerns articles profiled in more than one direction. 

A. particular aspect of the invention concerns constructions according to fee invention 
provided with extra sheets. 

The extra sheets can serve particular purposes. The sheets can e~fg. be the iixsicie of 
rooms ^containers* silos etc.) containing materials, substances which are chemical 
agressive to the other sheet element. The extra sheets can i.e. also serve purposes 
which are related to their form, e.g. smooth surfaces facilitate cleaning and reduce 
fractional resistance at internal of material movement (liquid! movement in pipes, 
powder movement in pipes and silos etc.). 

The extra sheets can also he part of the hearing, construction for strengthening both in 
longitudinal and cross directions against bending stresses and for increasing the rigid- 
ity. 

The joining of the profile sheets and the extra sheets can be effected by reveling, 
bolting, welding such as e.g. spot welding* glueing and soldering etc.. 

The sheets can also be placed in contact with the composite materials- 
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JExtr-a s rietsts placed in contact with the composite xrLa.leria.ls can serve trie sanie pur- 
poses as mentioned previoLisIy, and as permanent shuttering/mould side during 
moulding of* the composite materials. 

Extra sheets can nave a form deviating from plane or even curved shape. A- particular 
aspect of* the invention is constructions wherein extra sheets are profiled. The inven- 
tion. 

A^s mentioned, the invention concerns sheet formed components. It may be sheet 
formed components which are plane as will be the case e.g. when the components 
form plane limitations such as e.g. floors, ceilings or walls in box-shaped construc- 
tions as e.g. containers etc, 

The components can also he curved, typically slightly curved as will be the case when 
the components form limitations which axe curved as in tanks, pipes having curved 
surfaces and shutter constructions. 

Ajrticles according to the invention will typically contain components in the form of" 
sheets, Components according to the invention can also be construction elements such 
as beams or colnnxns, 

Articles according to the invention can also be objects composed of components pre- 
viously mentioned and/or construction elements such as pipes* containers, doors, 
gates, walls, cabins, ceiling constructions, thermo-boxes, refrigerating rooms, heating 
rooms, security rooms, boilers, cooling towers, chimneys, bridges, top layers for roads 
etc. 

A. particular aspect of the invention concerns articles repaired with articles reinforced 
with the profile sheet composite materials composed according to the invention. It 
may be e,g. articles as those mentioned in the proceeding paragraph. The articles, 
which are reinforced with the components according to the invention, can be of arbi- 
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trary solid material as e.g. metal, wood, plast, tile, concrete, gypsnrn, namrai stones, 
glass arid ceramic. 

Special articles according to the invention are articles usable within tlie machine area 
siach as e.g. motors, pomp housings* pumps, moulding tools, moulding machines imd- 
especially for use within areas where a low wei g.b.t/stxeogtJh ratio is of" great importance 
such as in connection with fast moving/rotating components and with. in trie transport 
area (aeroplanes, ships » automobiles etc.). 

Special articles according to the invention are wear resisting and/or smooth objects in 
which the especial friction and wear properties of* eittier t±te sheet elements or the 
composite materials,, typically are utilisascL 

JE^MsipIe 1 

Stei> eomsfcr-sietlon sieeoi-diiEEg t& tm<& in-vesstlon - pi-odtaetiosi stm^d me- 
chanical testing. 

Construction: The slab construction is composed of pro tiled, steel sheets in intimate 
contact with strong, tough., fibre reinforced cement- based composite material. A. frag- 
ment of the slab cross section is shown in Pig. IO. Steel sheets 1(1 mm thick) consti- 
tute about 1 3% of tine total volume of the slab construction. 

In addition to the profiled sheets the construction is reinforced with longitudinal and 
transverse reinforcements placed, at tne top side 2, 3~ Tne transverse reinforcement 
rods (diameter 3 mm) are placed with a center distance of 1 50 mm. 

The reinforcement contributes only to stiffen the construction - not to absorb trie high 
tensile stresses at trie bottom during bending loading, (There are other preferred arti- 
cles having also longitudinal reinforcement placed at the bottom, which are still 
stronger, Tne purpose was, however, here to test/demonstrate the mode of action of 
the purely profile reinforced hybrid construction). 
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The composite materials 4 was placed dense sod homogenous - (with "incorporation" 
of less than 1% air). As from the recipe and an approximate knowledge of tine densi- 
ties of trie components included^ the volume proportions of "particles" was calculated 
{referring to trie state prior to the chemical structure formation by toe reaction of" trie 
cement with the water). 

Cement -+- micro silica dispersant 
Sand. (calcined bauxite) 
Steel fibres 
Water 



1.1% 
17.1% 



Components included in the composite material indicated in % by volume. 

If we disregard the insignificant contribution to trie total volume from the admixed air 
and dispersant (in total below 2%> this implies the following proportions by volume: 

Particles (cement 4- micro silica) 6S.0% 
Liquid 32,0% 



CoiiipesSte msateF-ia&I, 

Larger particles (sand - bauxite) -46.0% 
Steel fibres 1 - 1 % 

Binder (particles liquid) 53.0% 

Proportion by volume in binder (uppermost) and in the total composite material 
(lowest). 
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Compressive sfreEigth, 
25 O N/mm 2 . 

Estergy e&jf rsipture. 

Tlie energy of rupture of tiie composite material is estimated from experiences with 
very closely related materials to be sbout 3O0G-4OGO M/m (3 .0 - 4.Q N/mm). 

Steel sheet: 1 mm cold reduced fine sfieet SX 12. 

Mechanical properties: yield point (ultimate stress/ = 2 TO £4 1 O) IST/ximi 2 . 

yield limit max. = 2SO N/mm 2 . 

elongation, at rupture rain. (TL = SO mm) = 2:E% 
Iiardness HRB max. 5 = 65. 

Profiling effected by bending. 0nferniatioo from tlie supplier). 

ReliriforceiMeE t s 

4 pieces ® 6 imn cam steel, Xensile sti-engt.li = 4200 lcg/cm a 0ongitudirial> 
3 pieces m o~ mm cam steel. Xensile strength — 4200 kg/cm 2 (tran sversal > 

Cesis^git Jb^se^d eoiBposite gss^teri^tes 

Oerisit-birider supplied from Oensit AJS- JDertsit binder contains about 80% Portland 
cement < white cement) and about 2.0% micro silica (50-100 times finer than Portland 
cement) and a minor amount of dispersive agent in powder form. 

Strong sand: O-l mm and 1-2, mm of* baked bauxite 

(A.l 2 03 ricn material). 
Steel fibres: m ©,4 x 12 mm* strength A^OO leg/cm 2 . 

Supplier; E>ensit AJS 
Water: Tap water. 
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Recipes 



Oensit binder: 



SOOO g 

SOOO g 

34GO g 

600 g 

12SO g 



Bauxite O-l mm: 



JElauxite 1-2 mm: 



Steel fibres 0,4- x 12: 



Water. 



I* reps tiosE s 
Ivlixixijg equipment: 
Mixing time: 



Forced mixing machine. 

JDry mixing 5 mirk. Wet mixing S min, 

Wet mixing with fibres 5 mln. 

Soft moulding with vibration. 

1 day and night at 15° - 20°C, 4 Days and nights at 50 0 C. 



Moulding: 
M axdejnlng : 



Quality: reference specimen Hardened in the same manner <PO x AS mm cylinders) 
showed a compressive strength of about 25 O K4Pa. Energy of :riiptuxe, estimated: about 
3 ODD - 4000 iNf/xii. 

Mechanical testing- 

Trie disposition is shown in Fig. 1 1 . The set tip is a simple supported slab 1 supported 
at the ends and at the middle, thus in total 3 supports designated <R.l* !R2 and R3) for 
absorbing a vertical line loading P. The slab construction was loaded with a line loa- 
ding P placed centrally on the one section. The outer support in the other section was 
maintained down. Thus, the loaded half of the slab act as simple supported at the free 
end and fixed/partly fixed at the middle support. The degree of fixing can be determi- 
ned as the relevant forces were measured (outer loading P and the forces of reaction at 
all three supports Rl , R2 and R3>. 

The forces and displacements were recorded during the loading experiment. 
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1. lEi«stic £rsai. Characterised by approximately proportional I ty between the applied, 
force and the displacement as well as substantial reversible displacements. The elastic 
area extends from loading P = O to about 30 



At the tapper limit Is: 

Applied force P — 30 KN 

Forces of reaction R1 - 13 K^I 

KJ2 = 20 KN 
R3--3 



After a trajxsational area there was a larger area with, decisive plastic yielding. 



2.. Plsas&ie area, 'With substantial constant action of force and great displacements 
(substantially irreversible). By way of example the applied force varies here only be- 
tween SO snd 64 fCH for displacements of about S mm, frosn 4 to 12 mm, compared to 
force variations froni O to 30 KN for displacement from O to si i gritty below 2 mm in 
"the elastic area. Trie condition with niaximum loading given by maximum applied 
force P = &A- KLM and corresponding forces of reactions: R.1 — 30 KIN* KJ2 — 37BGNf„ R3 
= -7 KH. 



EVALUATION OF RESULTS. 

In order to be able to collate/compare trie carryisig capacity of articles according to tlie 
present invention with other sheet articles, often of another size, form and with a dif- 
ferent loading, it was chosen to consider the behaviour of: 

Analogue articles with the same outer geometry out composed of isotropic materials 
which shows linear elastic behaviour in all the loading area. 

The first comparison made is a comparison between hehaviour of the composite arti- 
cles according to Hie present example 1 and corresponding sheet articles having the 
same geometry butt made of a homogenous material (e.g. massive quality steel). 
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We consider what stresses will be induced in the analogue, strong, elastic article by 
the actual loadings. 



We consider the conditions in the cross section under trie loading (F). 



The stresses are calcuated according to the theory of" beams (ignoring local forces from 
tiie loading). The correspoeiding majcirnurn moments axe calculated from the known 
edge reactions (RI). The corresponding maximum tensile stresses (in the bottom side 
of* the slab) are obtained by division with the moment of* resistance of the cross section 
~ and by a little extra calculation - also the maximum compressive stresses (in the top- 
side of the slab} and the maximum shear stresses. 



Iv$ax~ Elasi. 
Applied force <P% IcM 64 30 

Reaction Rl , kN 3 O 13 

Max, bending -tensile stress 319 138 

(in the bottom side) (N/mm 2 ) 

Max. compressive stress 1-47 o4- 

Cm the topside) <TSf/mm 2 ) 

Max. shear stress CM/rnrn 2 ) 19 8 

Ivfaximnm stresses in analogue elastic slab construction calculated according to the 
theory of beams, thus without regard to local/higher stresses from outer force action 
and at supports. Forces and reactions refer to an actual slab width of 320 mm. 

The maximum bending-tensile stress for slabs/beams - actually 319 N/'mm 2 - calcu- 
lated from the analogue elastic slabs are often designated the bending strength (in 
English terminology jRl&jctir-al strength} * The shear stresses refer to the shear stresses 
acting on the distance between the loading and the free support . (They are not the 
absolute maximae as the shear stresses acting between the loading and the middle 
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support is 1 0-20% higher - 22 and 10 H/mm 2 , respectively- T"he picture of the stress 
forces is il iustrated in Fig- 12. 

A, section of the slab is shown representing 1 ) a quarter of the width (t>0 mm) and 2) in 
ttie longitudinal direction, the part of the slab which is between the loading (marked P) 
and the free support (marked. K-l). Ouring loading witli a line load across the cross 
section at P masonaiam- tensile stresses arise at the bottom and rnELxiixrorri compressive 
stresses at the top together with maximum shear stresses in the web near the flange,. 

Willie flte maximum tensile and compressive stresses decreases towsrcis the support 
(K.1) the maximuni shear stresses are constant all over the section surface A-B-C-D. 
By way of example this means that under maximum loading a total shear force of 20 x 
143.5 x 19 ^ 54,53 O TS! = 5.5 tons is absorbed in the section surface (20 x 1-43.5 mm). 
Xhus, with reference to the horizontal section shown there is not only a local stress 
peak hut also shear stresses representing the mean value all over the section surface in 
its fell width and fell longitudinal extension from the loading zone to the free support. 



DISCUSSION OF EXAMPLE 1, 

The experiment shows for the article according to the present invention intimate co- 
operation between the profiled sheet and the strong, rigid., cement-based composite 
material imparted high rupture-toughness . 

Yielding, behaviour occurred in the article with pronounced yielding in the steel sheet 
in the tensile side (during the central loading) without any form of sliding between the 
sheet element and the composite material despite the very high shear stresses. The 
calculated shear stresses (19 l^/rrim 2 ) was 45 times higher than the corresponding one 
according to the prior art with mean stresses — 0.42: N/inm 2 referring to rupture at 
shear failure (of. the paragraph 4t Mybrid construction according to prior art**). This 
demonstrates a very effective co-operation between the profiled sheet and the com- 
posite material. It should be further stressed that the real shear capacity of the com- 
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posite slabs must be higher than what corresponds to the mean stress of 1 9 Isl/ranm 2 as 
the failure oc cured by bending and not by shear. 

The high compressive strength of the cement-composite (about 2.5 O IV| Pa) allowed use 
of a very thin layer of composite material £B mm) and hence a corresponding modest 
material consumption and low weight. 

This guiding experiment can forthemiore be used as basis for the discussion or differ- 
ent other- aspects of the invention; 

1 . C^mtsinsiiioms of slsstjs saal very str-oisg F-elnLfor-cezmesat s-oslas. Reinforcement 
threads/rods placed, close to the bottom of the profiled slabs will increase the cartymg 
capacity at bending. Thus, with reference to the articles placing of cold drawn steel 
rods, one in each profile, having a diameter of 5 mm, ultimate stress 1 SSG N/iikoi 2 , will 
increase the carrying capacity of the articles with about IS^, 

2;. P referred a&-i£des witSa very strong composite gamterials » comgsires&ive 
str-eaigtia of at les&st 30® MFa. Utilization of very strong tensile reinforcement as dis- 
cussed above makes also demands on the pressure zones of the components. With un- 
changed geometry (8 mm thin layer of cement composite) the maximum compressive 
loadings (stresses) will amount to about 275-3 ID JvfPa when rupture of tension occurs, 
Securing against rupture occuriag in the compressive zone (rupture at yielding by ten- 
sion is usually preferred) can be effected by increasing the thickness <e.g. 1 0-l 2 mm 
instead of 8 mm) and/or by using special compressive reinforcement, A. particular pre- 
ferred aspect of the invention is use of particular strong composite materials, e.g. 
having compressive strength of at least 300 MPa. With reference to the above exam- 
ple, this makes it possible to maintain very thin articles (8 mm). 
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CONCEPTIONS * BEFINITIONS - EXPLANATIONS* 

In I .his specification a number of conceptions occur which are msed to chsLracterize the 

invention. The most important ones will be defined/explained and motivated in the 

following- 

iMtlm^fe c©is£g&e&„ Tints term is used to characterize the contact between, the composite 
materials and the profile sheets, With intimate contact is meant substantially complete 
atomic contact all over the contact sxxrface as with moulding: together, fiusirig together* 
gliding together and not as with e.g, bolting together or other mechanical joints. Inti- 
mate contact between toe specific particle-based materials and the profiled siieets is 
further elaborated in the patent specification, 

C <D5 mi p ress eve s&remsgth- The strength of the composite materials is characterised by 
claim to the compressive strength with reference to the strength measured by crushing 
a cylindrical article having a height/diameter ratio of 2 mm and diameter 100 mm, 
height 2 GO mm. The strength of* the composite materials can be determined on special 
articles prepared of" the composite material. The strength of the composite material as 
it is found in the hybrid articles (together with the profiled sheets) can also be deter- 
mined, by measuring on specimens sawn/bored out or by direct mechanial compressive 
loadings on the composite material as it is found together with the profiled sheets. By 
comparison/evaluation of the various determinations of compressive strength it is nec- 
essary to establish/prove the relationship to the compressive strength determined with 
the above cylinder specimens. That requirement to strength is related to compressive 
strength is due to a) the feet that in bending and compression the behavionr at rupture 
of" the composite articles (provided effective co-operation with the profiled sheets) to a 
high degree is determined by the strength of the materials at compression, fo) the com- 
pressive strength is often an acceptable property acting as a substitute for other 
strength characteristics - tension, shear - and c) the compressive strength is relatively 
simple to determine. 

IVSodLmlltis <Df elasticity- The rigidity of the composite materials is characterised by the 
modulus of elasticity referring to the inclination of the stress/strain curve at minor 
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loadings, 'Oie modulus of" elasticity can be determined on particular specimens of the 
composite material, e.g. cry is riders as mentioned in the paragraph -concerning com- 
pressive strertgth. Trie modulus of elasticity of the composite materials can also be 
determined from measurements on the hybrid articles - i.e. witli trie composite mate- 
rials in intimate contact with the sheet elements. 

Such determinations can e.g. be performed from determinations of interdependent 
values of force and deformation of loaded articles or from determination of trie reso- 
nant frequency of articles under free oscillations. The determinations are then per- 
formed on basis of the theory of elasticity applied on the composite article. The de- 
terminations presupposes that the behaviour of the profile sheets is known satisfacto- 
rily . 

I^siergv of riAptere. The rupture-toughness of the composite materials is characterized 
by the energy of rupture G - related to the behaviour at tension. The energy of rupture 
is defined as the work required to form a new crack of unit area (unit J/m 2 — INJ/ro or 
J/mm 2 = r4/rnm>. The energy of rupture of the composite materials can be determined 
on particular specimens of the composite material - e.g. beams provided with a cut 
notch tested at bending, or a tensile specimen provided with notch and tested at ten- 
sion. The energy of rupture of the composite materials can also be determined from 
measurements on the hybrid articles based on cut out specimens provided with cut 
notch. 

The reasons for using the energy of rupture in relation to tension for characterising the 
rupture-toughness of the composite materials are a) that the behaviour at tension is 
fundamental for rigid particle-based composite materials at rupture and crack forma- 
tion; thus, rupture at shear occurs e.g. essentially through failure at tension, b) that the 
energy of rupture related to tension is a reasonable well defined quantity for rigid, 
particle-based composite materials, and e) that the energy of rupture related to tension 
is easy to determine by experiments . 
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IPlaKsedL ©ssteir snail (©r oaats!cSe>^ Xhe invention concerns articles with composite materi- 
als in intimate cootact with profiled sheets placed preferably entirely or essentially 
externa.! in relation to the bodies formed of the composite materials. 

The formtaistion. with preferred external placement is motivated in a discrimination 
between a) preferred articles according to the invention in which the profiled sheets 
act effectively throngh their placement in the outer side (closed to the outer side) of" 
the bodies which they form together with the composite materials* and fo) articles of 
composite materials according to the invention font with more centrally embedded 
sheets. 

Thiis. the sheet element in example I with profiled steel sheets combined with com- 
posite materials* placed on the outside of the body formed of the composite materials 
is typically preferred according to the invention In similar manner articles according 
to the invention are obtained as pipes and containers bnilded up as curved embodi- 
ments of sheet articles according to the invention, e.g. as those shown in example I s 
both when the composite material eonstitotes the inner shell and the profile sheet the 
outer shelly and conversely when the profile sheets are placed internal and the com- 
posite shell external. In no cases the profile sheets are completely or partly embedded. 

It is differently with articles having a block** of composite material^ e.g. a foundation 
in which the one end of a profile sheet is totally embedded. Such article will only be 
preferred within the invention on condition that the article to a reasonable degree 
makes use of the characteristic mode of action according to the invention, e.g. due to 
very effective anchoring through the combination of the specific composite materials 
and the profiled sheets, 



There is a large category of composite articles according to the invention which mere 
geometrical iy can be described by the fact that the profile sheets are completely or 
partly embraced by the composite material. 
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By way of example it may tie mentioned that a limitation for a security box: trie bear- 
ing structure of which Is a profiled steel sheet in intimate contact with, a strong com- 
posite material on the one side thereof will completely satisfy the requirements to: 
"preferred according to the invention". Tills construction is designed for sec tiring 
against nigh, mechanical stresses. However, the limitation {door/wail/bottom or ceal- 
ing) will typically also nave to fulfil a number of other functions which can fee pro- 
vided for with materials placed additionally on the metal surfaces of the hybrid article, 
i.e. on the outside of the profile sheets. By way of example it may be fire protection, 
securing against local attack (e.g. with drills, chisels etc.), hidden by the construction, 
aesthetics! consideration ect. 

Often this will be established with other materials leaving the hybrid construction of 
the invention as described above as a clearly identifiable preferred article of the in- 
vention, However, for practical reasons the same type of composite material will often 
be used for attending to the non-primary constructive functions as the materials chosen 
for the bearing hybrid constructions; frequently such constructions are prepared in one 
moulding by means of which the profiled sheet becomes quite or partly embed- 
ded/enveloped in the composite material. 

Such articles are of course Just as preferred as corresponding articles with other mate- 
rials for the not primary bearing functions and often even more preferred. 

Study/demonstration of the shear capacity of the composite articles of the invention 
with profiled steel sheets but with moderate profiling and without any extra measures 
for securing against shear failure. 

The construction of the composite slab is shown in Fig. 13. The composition and the 
properties of the components are shown in the paragraph "Materials". Fig. 1 3 shows a 
section in the composite slab. The length of the slab is 6 GO mm. 1 Is the composite 
material^ "2 is the profiled steel sheet, 3 is a transverse reinforcement, vi^. 6 mm diame- 
ter cam steel placed each SO mm, and 4 is a longitudinal top reinforcement, vi^L 3 
pieces of cam steel, diameter 10 mm. The steel reinforcements are fixed so that they 
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did not loosen at vibration. The transverse bars are tack welded to the sheet. at the ends 
5 and the longitudinal bars are tack welded to the transverse re £ nf ore em en t at trie edge. 
6. 

Trie composite slabs were subjected to transverse loadings in the disposition shown in 
Fig. 1-4. 

Fig, 1 4 shows the test disposition of the composite slab I having the outside dimen- 
sions 600 x 23 O x -40 mm, placed on the supports 2 and infl txen.oed of the vertical line 
loadings 3. The forces on each support arid on each loading line axe P/2, where P is the 
total force. The disposition is symmetric- The distance between the supports is: 500 
mm; the distance between the support and the closest point of force attack is: ISO mm. 
Ooring the experiment the free longitudinal edges A- were observed through a magnify- 
ing glass. 

I>t3ring the experiment the slabs were subjected to varying loadings and unioadmgs at 
different loading levels varying from 0-25 kr4 to 7-9^1 k3SI. 

Corresponding values of strains, deformations and applied force were recorded during 
the experiment. Besides* visiaal observations (through magoifying glass) were made of 
the two free edges of the slab. 

MATERIALS. 

The matrix.,, "the concrete", was prepared of materials from the firm .'Oensit A/S, The 
composition is shown in scheme 1- The properties of the hardened matrix material is 
shown in scheme 2>. 

The profile sheet is of steel of the quality Fe5 lO B (according to EU 25-T2. standards) 
often designated St. 52-3. 
Sheet thickness: 2. mm 
Tensile strength: 5 SO N/mm 2 . 
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Yield point: 4-30 N/mm 2 , 
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Measurement on sheets from, the same supply as those used in the example, The sheet 
was sand blast 3 days before moulding. 

Longitudinal at the top side: cam steel of 1 0 mm diameter, ICS 520. Transversal: di- 
ameter 6 nxm, ICS 520. 



Inducast 6000 26.33 leg 

Ro - Hmxxite 2x4- mm 8.47 kg 
Steel fibres OJ5x6 nun 3.50 leg 
Water 2.68 leg 

Scfeessie 1- Tlie composition of the "matrix* also called **the concrete*', Inducast.,, is a 
fine sand concrete with AJ 2 0 3 rich sand and a binder based on cenient, micro silica 
and dispersaiit (in dry powder form). 



PREPARATION. 

Specific weight (p) 2950 icg/m 3 

Sound velocity (V) 5 TO 5 m/sec. 

Dynamic E-modulus (Edyn) 96.0 GPa 

X ensile strength (KdPa) 225-260 (estimated) 

Energy of ruptuxe (Nm) 10,000 - 15,000 

Scheme 2.. The properties of* hardened matrix material was measured on speciments 
prepared of the same mixture as used for trie composite slabs and stored like these. 
The values for the compressive strength and the energy of rupture are estimated. The 
dynamic modulus of elasticity is calculated from measurements of the specific weight 
and the sound velocity: E dyn = p x v 2 

The matrix material was prepared in a forced mixing machine. 
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1 . Mixing of the dry powder (except the steel fibres) about 1 mm. 

2. Addition of water and mixing* about 5 oiio. 

3. Addition of steel fibres and further mixing about 5 rnin. 



Then the slab is moulded, placed horizontally on sl vibration table subjected to vibra- 
tion of" frequency: SO I~LZ axsipiitu.de. Hie slab is covered with plastic on "the top sidle 
and stored, about 24 hours at 20 0 C. Xiieo. it was wrapped! in a wet doth and tightly fit- 
ting plastic and stored about 4 days and. nights at 70 0 C. 



Cocoireotly 3 test cylinders of the material (diameter 45 mm, Height 90 mm) were 
prepared: following substantially the same procedure as that for the slab. 

Selected, results are shown in scheme 3- Here is shown the interdependent values of 
measured Quantities: applied force and strain in the middle section (see Fig. 14-). Be- 
sides, the calculated values of" stresses are indicated:. 



Applied 
force 



25 

61 
91 



Strains ( ) 
concrete profile steel 



330 
500 

1325 



403 

Til 

1334 

2297 



"concrete 

compres- 
sion 

32 
48 
91 
127 



Stresses (Ivlpa) 
Steel between concrete 

and steel 

tension displacement 



63 
149 
2SO 
440* 



abt. 1.4 
abt 2.G 
abt. 3.4 
abt, 5.0 



* start of" yielding. 

Scbense 3* interdependent valnes of applied force and strains at top and at bottom, 
respectively, in the profile steel (at the center of the sheet) and estimated compressive 
and tensile, respectively, stresses in concrete and steel.. Besides, the mean shear 
stresses acting in the longitudinal direction between the applied force and the support 
is shown. 
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Up to and including an applied loading of 61 k>i con-esponding to Hiaximum stresses 
in "concrete" and steel of" 9 1 and 2BO MPa (respectively) and mean shesr stresses be- 
tween the steel and' the concrete of about 3.4 IVSPa, tig cracks were observed, in the 
concrete nor any sign of" separation between trie profile steel and the concrete. 

During 5 loading cycles up to 91 icM only a. single small crack was observed in the 
"concrete" and separation of a part of trie middle section between the concrete and tile 
profile steel, After onloading and. further loading to slightly above 91 kN ruptore oc- 
cureci in the form of shear between the profile sheet and trie concrete as shown in Fig. 
15. 

Fig, 15 shows in the form of* a sketch a segment of" the composite article between the 
support 3 and the line of attack: 4 after shear failure (and suceeding bending failure 
between the iines of* attack) . At shear failure the "concrete part" 1 is pushed outward 
relative to the profile sheet. 

EVALUATION, 

Trie composite article was designed Tor experimental purposes with a clear view of 
elucidating the shear capacity of articles according to the invention, but 
1 - with a very moderate profiling* and 

2. cjuite without particular measures for securing against shear failure, and 

3. with large sheet thickness relative to the profile height* and 

4. relative high steel strength. 

Comparison between the profile sheet of the test specimen of this example and the 
profile sheet in example 1 is shown in scheme A. 



Profile sheet for 
test composite 
Ex, 2 



Profile sheet for 
composite article 
Ex. 1 
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slope angle 54° 84° 

Opening relative 

to a/h iielgjfat 235 0.91 

beignt relative 

to thickness <b/t} 8 22 

Ssiaenae 4. Corsciparisoo between the profile sheet in the experiment witJb profile sbeels 
of" moderate profiling and tiie profile sheet used in the construction, of. example 1 . A.s 
to explanation reference is made to Fig. 16,. 

Fig. 1 6 shows a section of profiled: steel sheets used in tins example 2 and in the com- 
posite article described, in example 1 , respectively. Indications of trie geometry sizes* 
cf_ scheme 4, are marked in the Flgnres. 

Up to sbear failure the composite slab showed hlgri inner cohesion wittiout crack for- 
mation out with, bign rigidity * e»g. corresponding to above 70% foigner rigid.it>' than tor 
a corresponding article of" massive alnmirnnm. 



Snear failure occured at a mean sbear stress of" between that for profile steel and that 
for "concrete" about 5 KCPa. Xrae value is calculated on trie basis of the total surface 
area between force action and support including the two halves outer profile sections 
where the shear resistance is substantially lower due to lack of squeeze action. With- 
out including Hie contribution firom the outer sections, wbicb are not representative for 
tbe slab construction, tbe force at rapture corresponds to a mean stress of about 7 
MPa. 

These values axe high and surprising to fne man skilled in trie art viewed in trie ligbt of 
known technology. Thus, it is stated in "Steel Designers Manual": If design were to be 
carried oirt on elastic principles^ permissible bond strengths between deck profiles and 
concrete would be of tiie order of 0.05 N/mm 2 (CXG5 KIP a) for plain profiles rising to 
Q~2 M/mrri 2 (O,05 MFa) for some idented profiles. 
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The profile in the present example 2 is clearly of the former type - "plain profile" - 
without any form for particular shear arrangements, This means trial the shear stress in 
e?csuxsple 2 of about 5 IvIPa is of the order 1 OO times higher than what would usually be 
allowed according to tiie known technology. 

The example clearly demonstrates the concept beliiod the present invention based on a 
combination of profile sheet pins matrix of high strength* high rigidity and high, rap- 
ture-toughness, viz, achievement of a very high shear resistance, even with the here 
used steel sheet of very moderate profiling. 

It should be stressed that the aim with the test specimen just was to study boimdery 
cases with composite articles according to the invention having steel sheets of very 
moderate profiling. That the article showed high shear resistance does not indicate that 
it is a preferred article of the invention. On the contrary ? the present invention states 
more preferred pro filings, e.g. with an angle between the web and the flange preferred 
high* e.g. higher than 60 0 5 preferably higher than TO 0 , more preferably higher than SO°, 
most preferably higher than S5°. 

Another aspect of the invention is a composite article according to the invention 
wherein protection against shear failure and other failure between the profile sheet and 
the composite material is increased by particular anchoring arrangements. This aspect 
with particular anchoring arrangements is universal, covering both composite articles 
of the invention with very moderate profiled sheets and articles with very strongly 
profiled sheets. 

COMPARISON OF PLATE ELEMENTS HAVING THE 
SAME OUTER GEOMETRY BUT OIF MONOLITIC MA- 
TERIAL. 

Below (scheme 5) the calculated behaviour of analogue elastic plate articles of 
monolitic material is shown. The indicated values of the modulus of elasticity are de- 
termined as the values which the monolitic plate element should be ascribed in order 
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that the ax-tide is deformed exactly like the composite slab (referring to the behaviour 
of the composite slab after the first loading/unloading cyctos>. 

The shear stresses refer to the stresses in a horizontal plane at top of trie ribs. Refer- 
ence is made to the mean valtaes of the shear stresses across the whole area extendi rig 
from trie force transm i ssion to tlie support (ISO mm). The values are shown in scheme 
5. 



L^oading 



3I.O 
3 6.0 
6G,2 

90.8 



Stress (N/mns ) 
bottom top 
(ten- (compres- 
sion) sion) 



66 
76 
127 
192 



47 
55 

139 



horizontal section 
<shear> 



3.1 
3.6 
6.0 
9.1 



Modulus of elasticity 
of analogue material 
(N/mm 2 ) 



124 OOO 

108 OOO 

96 OOO 

91 OOO 



Sefeeme S* Trie behaviour of an analogue rnonolitlc article of material which show a 
linear elastic behaviour. In the last column the values of the moctulns of elasticity are 
shown, which should be ascribed the analo-gue rnonolitic material in order to obtain 
exactly trie same deformation as that for tlie composite article of trie example. 



Comparison with, analogue articles of* aluminium having substantially the same weight 
(about 90%) is interesting. "Op to a stress level of 60 N/mm 2 the rigidity (modulus of" 
elasticity} is quite 77% higher than that for aliamimuxn and even with stresses of quite 
up to 1 92 N/mm 2 the composite article is substantially more rigid than aliiminium. 
The E-mo<ruIus is here about 3()% higher than that for ai\imininm at small loadings. 

in the comparison with aluminium, values for E-moduIus of 7G 2P OGO N/mm 2 are used, 
which are typical values for altiminiom at minor loadings/low stress levels. 
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EXAMPLE 3. 

R x p^? ri ix?. exit s with thin composite slabs according to she invention subjected to re- 
peated, impact actions with, sledgehammer. 

A 40 nam composite slab according to the invention was -subjected to repeated, impact 
actions according to international rules for testing approvement of safe boxes. 

Trie slab was composed of a profiled, 2 mm thick steel sheet in contact with strong, 
tough., particle- based composite material - total thickness 4-0 mm. The construction of 
the composite slab was t?uite Identical with, the composite slab shown in example 2, 
vide i.a. .Fig. 13, except that in the slat* of the present example there are two longitudi- 
nal steel reinforcements for each profit section compared to one in the slab in example 
2 and that the instant slab is a little larger, external dimensions of 600 x 540 mm com- 
pared to 600 x 240 mm for the slab in example 2. 

A sketch of the profile section is shown in 3Fig. 17. Fig. 17 shows a segment of a cross 
section of the composite slab used in this example. 1 Is the composite material, 2 is 
the profiled steel sheet, the measures of which are as for the slab of example 2 shown 
in Pig. 13. 3 Is the transverse reinforcement of 6 mm in diameter cam steel per 50 mm. 
-4 Is the longitudinal top reinforcement of 8 mm in diameter cam steel* -and 5 is the 
longitudinal bottom reinforcement of 12 mm in diameter cam steel. Trie main dimen- 
sions of the slab are: length 6DO mm s width 540 mm, thickness AO mm and 24 mm 
(respectively at the profile top and the profile bottom). Trie composite material, the 
preparation and the hardening were as for the slab in example 2. 

Trie slab was subjected to the standard test for safe boxes/panels for safe boxes to 
simulate attack with sledgehammer and blowpipe. 

Test of tills type is used to test box-panels for money boxes. Those with which the 
comparison is made are composed of strong cement -based composite material of the 
same type and substantially the same equality as that used in this example. 
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The conventional panels, which were selected for c o nap sirs s a n purposes, have the same 
thieicness as the maxirriorn thickness of the present profile slab <4€> ram) but have 4 
dnies more sheet steel than that according to the example. Two slabs has each s thick- 
ness of" typically 3-5 rmxn compared to a thickness of 2 mm of the sheet so the present 
example. (If regard is paid to the profiling of the sheet according to the invention cor- 
responds this to about 21.6 mm 3 steel sheet per iiim 2 ). If the reinforcement bars, which 
often also are found in conventional slabs, are included, there is no essential amend- 
ment of the fact that the total steel reinforcement still only constitutes about 25-50% 
of wlist is conventionally used.. 

Trie conventional slabs in trie comparison are, as mentioned, 4-0 mm thick.. The slab 
thickness in the example is in average only 32 mm <witn <40 mm and 24 mm, respec- 
tively, in trie profile top and profile bottom), there is only 80% in average of trie slabs 
with which they are compared, 

IDoring trie test trie siab is supported along tile edges. The slab is placed about 1.5 m 
vertically above the floor in a position well suited for attack: with the sledgehammer. A 
marked out area of the slab (120 x l^O mm) on the concrete side was subjected to a 
number of powerful stresses/impacts with a 3 kg heavy si edgeharnrrier. The test was 
performed by an experienced, strong testperson. Each, impact was conducted with 
what the person described as **with power**. 

The head of the sledgehammer (of steel) had a mass of 3 kg. The length of the handle 
was about T5 cm. 

By s\ich test destructions occur in the form of one or more of the following mecha- 
nisms: 1) local crushings 2> tisroogh-punching (press out of a truncated cone-shaped 
body), and 3) bending of the composite slab. 

The measures taken in accordance with the invention by using profiled steel sheets 
instead of plane sheets as in conventional panels have primarily effect against the iat- 
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ter two Jiiecha^risois - resistance against through-punching and against bending - but 
no direct effect against local crushing. 

If on the other hand beginning tlhirough-punching or slab Bending occur which led to 
high concentrated stresses in line zone of attack, e,g. in the form of high compression 
in the surface in the plane of the slab, the resistance against local cnishing may be re- 
duced substantially. 

The article resisted SO hammer impact plixs v£uriou.s blowpipe activities in order to re- 
move the steel reinforcemeats before the profile sheet at the bottom was reached and: 
could, be cut way. 

'With conventional panels having the composite material placed in a box: with plane 
steel sheets both in front and at bag, a section of the front sheet ( 1 20 x. 1^20 mm) is 
initially removed with blow-pipe cutting and hand tools. Then the uncovered area is 
attached with the sledgehammer until the rear steel sheet can be removed with blow- 
pipe cutting. 

■40 mm thick conventional panels resist typically 1 0-30 hammer impacts as for articles 
without the reinforcement bars and 1.5 to 2 times more for articles further provided 
with reinforcement bars, thus, 20 to max. 60 impacts. 

Thus, there is an essential improvement with the invention which required as much as 
SO impacts in spite of an essentially thinner steel sheet and a thinner construction. 

During the initial phase (corresponding to 3Q-A5 impacts) the local crushing was small 
corresponding entirely to the initial behaviour of thick: articles of* trie same material 
where resistance against crushing dominates. 



At this point the hollow has reached a depth of 5-1 0 mm. 



Then more cmshiag occsxred sod in the last phase also high, local bending outwards of 
the profile sheet, which in She zone of* attack. now was essentially not protected by the 
matrix material. The behaviour duLring the initial phase I Illustrates the good capability 
of the composite article to absorb bending and shear without failure between the steel 
sheet and the concrete. 

"Beyond the fact that the resistance against crushing was as in thick articles of the same 
material (indicating good resistance against throtigh-ptmctiing and bending) no craclcs 
were observed on the front side of the siab outside the zone of attack. This is also an 
indication that no form of failure occureci dUxe to throngh-p^mching or shear and. again 
that there was good contact between the steel sheet and: the concrete, 

Even after break through the front side of* the siab was substantially crack-free apart 
from a few longitudinal fissures. 

Compared with conventional panels, 4-0 min thick: and with 2-5 mm steel sheets on 
each side and of the same sort of" composite material* the behaviour is very Interesting, 
and surprising to the man skilled in the art. 

1 . The substantially thinner and more poor in steel composite slab of the invention 
resisted substantially more hammer impacts than the reference panels - SO against 2/G- 

!2. On the front side of conventional panels subjected to hammer impacts there was 
observed (after removal of the steel sheet) comprehensive crack spreading from the 
zone of attack all over the cjuite slab, This was not the case with the panel slab of the 
present invention. 

3. This indicates a surprising and unienre resistance against shear fail tire between the 
concrete and the stee! sheets in the panel of the invention - reinforced by that 
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■4* lo the panel: of the invention there is only one steel sheet compared with two in the 
conventional slabs,, and that 

5. The resistance against bending fsliure aind thro ugh. -p un ching according to prior art 
otherwise shoutld be expecled to be even much inferior for flie essentially thinner panel 
of the invention, e.g. with a very modest bending resistance transverse to the ribs. 

It should be c laxly emphasised that tlie purpose with the experiment was not to test a 
finished construction but to obtain information about the resistance of tne composite 
article against repeated impact stresses in an embodiment having some relevance for 
the safebox-industry. 

3By was of example, the preferred safety panels according to the invention do not con- 
tain only one profile sheet, but typically two or more profiled sheets. 
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CLAIMS 

1 . A hybrid slab for constructions of objects for the absorption of static loadings, such 
as on wall, floor, and celling constroction, or for the absorption of dynamic loadings, 
such as on safety boxes and surfaces on traflc lanes isi airports and public roads, said 
slab being composed of a particle-based composite material in intimate contact with: a 
profiled sheet element, said composite material comprises at least a base material in 
the form of particles of the base material and a binder which maintains the particles of 
the base material in position relative to each other, and the sheet element comprises a 
material which is capable of being extended in planes as for the profiled sheet element, 
characterised in that a volume of the composite material constitutes at least 
50% of the vol time of the hybrid slab. 

2. A hybrid slab according to claim ^characterized in that the volume of the 
composite material constitutes 55% of the volume of the hybrid slab, preferably 60% 
of the volume of the hybrid slab^ more preferably 65% of the volume of the hybrid 
slab, most preferably 70% of the volume of the hybrid slab> 

3- A hybrid slab according to claims 1 or 2, characterised in that the compos- 
ite material comprises fibres and the volume of the fibres constitute 0.1 - 1% of the 
volume of the composite material* preferably 1 - 2% of the volume of the composite 
material * more preferably 2-5% of the volume of the composite material, most pref- 
erably 1 0«20% of the volume of the composite material. 

-4. A hybrid slab according to any of the preceding claims, characterised in 
that the composite material comprises particles for increasing the hardness of the 
composite material* preferably particles of rocks such as quartz* diabase and jgranite, 
more preferably particles of crystals such as alumina, silicon carbide and silicon ni- 
tride, most preferably particles of metals such as steel and alloys of steel, and that the 
particles for increasing the hardness constitute at least 30% of the volume of the com- 
posite material, preferably at least 40% of the volume of the composite material, more 
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preferably SG^c of" tiie volume, yet more preferably 60% of the volume of the compos- 
ite material, zrxost preferably 65% of the volume of this composite material. 

5. A hybrid slab according to any of the preceding claims, characterized in 
tli tiie composite material comprises elements for reinforcement of the composite 
material and that trie elements comprise a number of bars, a number of threads, and 
number of networks and a number of fibres- 

6. A hybrid, slab according to any of the preceding claims* characterised in 
that tbe binder comprises cement, that the binder contains microfine particles such as 
micro silica, that the volume of the microfine particles constitutes at most 4-0% of the 
volume of the binder, more preferably 5-25% of the volume of the binder, that the 
binder contains fine particles such as cement, preferably J^ortland cement., alternatively 
All iminate cement, and that the volume of the microfine particles and the fines to- 
gether constitute at least 50% of the volume of the binder, preferably at least 55% of 
the volume of the binder, more preferably at least 69% of the volume of the binder, yet 
more preferably at least 65% of the volume of the hinder, most preferably at least 70% 
of the volume of the binder. 

7. A hybrid slab according to any of the preceding claims 1 -6, characterised in 
that the sheet element is made of metal, and that the metal is selected from the group 
consisting of steel, copper, nickel, titanium, aluminium and alloys thereof. 

8. A hybrid slab according to any of the preceding claims 1-6, characterised in 
that the sheet element is made of a non-metal and that the non-metal is selected from 
the group consisting of ceramics and plastics. 

9. A hybrid slab according to any of the preceding claims, characterised in 
that the profile of the sheet element as a trapezoidal cross section, that the trapezo idaJ 
cross section has sides which extend in an angle relative to the plane of the sheet of 

10 0 t preferably 20°, more preferably 3G°, yet more preferably 45°, most preferably 

60°. 
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1 0. A. process for tkis product i on of a tiyoiid slab according to any of tiie preceding 
claims* c ha i act er i ze d in that tine composite material is produced by using tfeie 
stieet element as forai, alternatively that the sheet element is produced by using tiie 
composite material as form. 
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